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HEAT AND LICHT. 


An Interesting Discovery—Prof. Crookes’ Invention. 


—_—_— 


(From Boston Daily Advertiser.) 


A WEEKLY JOURNAL OF ENGINEERING, ARCHITECTURE, MININ 


In arecent number of your paper there was a brief ac- | 


count of the remarkable discoveries of Mr. Crookes of 
London, which are thought by him to prove that a di- 
rect mechanical action is exerted by the sun’s rays. One 
of the most beautiful results of this discovery is an in- 
strument called by Mr. Crookes a “ radiometer.” It con- 
sists of a little wheel which revolves continuously under 
the action of the sun’s rays, or, indeed, when exposed to 
the radiation from any other source of sufficient power. 
A glass cap, resting on a needle point, forms the center 
of the wheel, and to this cap are attached vanes of mica, 
coated with lainp black on the alternate sides. The 
wheel, with its needle point, is enclosed in a glass bulb 
two or three inches in diameter, from which the air is ex- 


hausted, as nearly as it can be, by means of the Sprengel | 


pump. 


The first instrument of this kind seen in Cambridge | 


was very recently brought from London by Mr. N. D.C. 
Hodges of Salem, and it may be of interest to your read- 
ers to know that complete success has attended our ef- 
forts to reproduce the radiometer in this country. It is 
now made by Mr. Demuth, a skillful glass-blower, at 


Essex street, Cambridgeport, and is on sale by Mr. Jo- | 


seph L. Bates of Boston, at whose store on Beacon 
street it can be seen; and the rapid rotation of its little 
wheel, completely isolated and protected against all the 
familiar sources of power, is one of the most remarkable 
sights that modern science has offered. 





It can well be conceived that this new phenomenon | 


has excited the greatest interest ; but most, at least, of | 


the physicists who have studied it do not agree with Mr. 
Crookes as to the cause of the motion. 
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lt would thus appear that the radiometer is a “ heat 


| engine,” which although of a novel construction, is still 


a heat engine, that depends for its efficiency on the dif- 
ference of temperature between its parts, precisely as 
in the well known example of the steam engine. 

But, it will be asked, how does the heat act? We can 
only answer this question, as we should be obliged to 
answer a similar question about the steam engine, by ref- 
erence to the theory of heat, and the conversion of heat | 
into motion in the new phenomenon might have been | 
predicated by the mechanical theory of heat, and is a | 
beautiful confirmation of that theory which has become 
so well known through Professor Tyndal’s lectures on 
“* Heat as a Mode of Motion.” According to this theory 
any gas (for example our air) is a system of small mas- | 
ses called molecules, moving freely in space until the di- | 


rection of their motion is changed by collision with each 
other, or by striking some material surface; when, in 


either case, they rebound with the same or with a chang- 
ed velocity. If they strike a heated surface they rebound 

with an increased velocity, while a cold surface produces | 
the reverse effect. Familiarly, we should simply say 
that the air becomes heated or cooled by these surfaces; | 
but according to one theory heat and cold are merely | 


the effects of the changed velocity. 


Now the air molecules in our radiometer, rebounding 
from the blackened surfaces, heated by radiation, spring | 
back with a velocity greater than that with which they | 
strike. Hence there must be a recoil, and it is this 
‘*kicking” of the molecules, like the ‘‘ kicking” of a gun, 
Of 


course the molecules are also constantly rebounding from 


which, according to our theory, causes the motion. 


the bright surfaces of the mica vanes, but since the tem- 
perature of these surfaces may be regarded, essentially, 


| as that of the confined air, the recoil nearly balances the 


Experiments 


made at Cambridge abundantly prove that the motion | 


of the wheel depends on the difference of temperature | 


between the blackened surfaces of the mica and the sur- | 


rounding glass. 

It appears from these experiments that the rays of the 
sun, or any other source, are active in just the propor- 
tion that they are capable of raising the temperature of 
the blackened surfaces. 

In the second place it has been found that the action 
of the rays on the blackened and bright surfaces of the 


| of course, be reversed. 


vanes is not differential, as would be expected if the ef- | 
fect were in any way due to an impulse imparted by the | 


rays; but there is a positive effect on the bright surfaces 


which is added to the greater effect on the blackened | 


surfaces, The simple reason is, that the rays striking 


the bright surfaces in part penetrate the mica films, and | 


add to the heat of the blackened surfaces on the opposite 
side. The wheel can be made to revolve by concen- 
trating the light on the bright surfaces alone, or on both 
at the same time. 

When the blackened surfaces of the vanes are heated 
by radiation above the temperature ot the glass envelope, 
the wheel revolves as if the blackened surfaces were re- 
pelled. But—and this is the third point—when the glass 
is maintained at a higher temperature than the vanes,— 
thcir blackened surfaces meanwhile losing heat by radia- 
tion, —the wheel turns in the opposite direction, as if the 
bright surfaces of the vanes were repelled. This last 
experiment is easily made by inverting the radiometer so 
that the wheel cannot move, and heating the glass of the 
bulb against a lamp chimney until it feels hot to the 
hand. On then placing the instrument on its stand (in 
a place where it is not exposed to external radiation), 
the wheel will revolve as just described. 


| the air molecules under given conditions. 





blow, or at least the recoil is less than on the opposite 
surface. When, however, the interior air is heated, by 
heating the glass bulb as described above, then the 
blackened surfaces of the vanes—now losing heat by ra- 
diation as disproportionately as they gained it before— 
become the colder of the two sides, and the effect must, 
But if this be the explanation, 
why remove from the glass bulb the air which does the 
work; Why are these effects only obtained in a vacu- 
um? The answer to these questions involves a much 
more abstruse point in the mechanical theory of heat 
than has ever before been brought to popular notice. 
Although the molecules of the atmosphere move freely 
in all directions, yet in the dense air at the surface of the 
earth they are constantly hitting against each other, so 


that they only move, on a straight line, very minute dis- 


tances before the direction of their motion is changed, | 


and, what may seem surprising to those unacquainted 
with the details of the subject, we are able to calculate 
what we call the mean length of the free path of 
It 
vious that the less dense the air, that is, the smaller 
the number of molecules in a given space, the greater 
must be the length of the mean path, and calculation 
shows that while in ordinary air the mean path is only a 
few millionths of an inch, in the highly rarified ‘atmos- 
phere left in the radiometer bulb it may become equal to 
the radius of the bulb so that the molecules may re- 
bound between the glass and the vanes. Now, without 
entering into unsuitable details, it can be understood in 
general that the recoil of the molecules cannot produce 
its legitimate effect unless they really leave the surface of 
the vanes, and that this is not the case when the parti- 
cles do not move more than a twentieth of the length of 
a wave of light before they are thrown back ; and further, 


is ob- 
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a mathematical analysis of the molecular motions shows 


that, although there is no common resultant where the 
mean molecular path is small, yet that when this ptah is 
commensurate with the size of the enclosure the mole- 
cules in their recoil concur to produce the motion we 
have described. 

Of course if this theory is true there would be no mo- 
tien in an actual vacuum, but, as every one must know, 
such a condition has never been realized, and, after ex- 
perimenting on more than fifty of them, we know that in 
of 
thousand molecules of the air which they normally con- 
tain is left. 


the bulbs of these radiometers one, at least, every 


Hence, if we accept the estimate of Sir W 


| Thomson, that the number of molecules in a cubic inch 
| 


of any gas, under ordinary conditions, is equal to 10°°, 
there will remain in the bulb of the radiometer of ten cu- 
bic inches capacity, exhausted to one one-thousandth, 
no less than a thousand million million million molecules 
of oxygen or nitrogen gas, and, as these molecules are 
moving with a velocity of from fifteen to sixteen hundred 
feet a second, we cannot call the space empty or the me- 


dium it contains motionless. 


It should be stated that Mr. Crookes, in maintaining 
that the solar rays exert a direct mechanical action, relies 


| for the support of his views on phenomena observed with 


| different forms of apparatus which are far more delicate 


than the one here described. We have not had the op- 
portunity ot repeating these more refined experiments, 
and, therefore, would not be thought to imply that they 
may not have revealed facts which the present mechan 
ical theory of heat cannot explain. We only express an 
opinion in regard to the so-called radiometer with which 
we have become familiar. AJ] our experiments indicate 
that the very considerable motion of the little wheel of 
this instrument is as direct an effect of differences of tem- 
Sull the 


name radiometer is not inappropriate, for the instrument 


perature as is the motion of any heat engine 


is a most delicate measure of radiant energy, so far as 
the rays are capable of passing the glass envelope and of 
affecting the temperature of a blackened surface. In 
deed, it is as delicate a measure of radiant heat, and, in 
many respects, a more convenient measure, than the fa- 
mous thermopile of Melloni. Placed before a constant 
source of radiation, like a candle flame, the wheel of the 


instrument revolves with as much regularity as the sec- 


| ond hand of a watch, and, as the distance of the flame 


was varied, the rapidity of the rotation varied according 
to the law of inverse squares, and the results were as 
sharp as a stop-watch, making quarter seconds, enabled 
us to time the revolutions. 

With the delicate instrument we used, the heat of the 
hand placed a few inches off sensibly affected the time of 
rotation, and placed near the bulb doubled the rate; and 
although such a delicate force as this may be unable to 
start the motion of the wheel, it greatly modifies its ve- 

| locity when revolving slowly and at a constant rate under 
This 
method of using the instrument as a measure of radiant 


| the conditions just described. indicates the best 
| energy, and it cannot fail to be of great use for this pur- 
| pose, both in science and the arts. 
| Finally, while the explanation we have given in this 
| article may remove from the very remarkable and im- 
portant invention of Mr. Crookes some of the mystery 
| with which it has been regarded, it really gives to it a 
| greatly increased interest by opening a new chapter of 
molecular mechanics and pointing out a new means of 
measuring molecular magnitudes. 





The Denver & Rio Grande Railroad, narrow gauge, 
has been recently opened for a distance of some 65 miles. 






























































a 


130 


CONSTRUCTION OF A MASONRY DAM. 


BY J. JAMES R. CROES. C, F, 








From the Transactions of the American Society of Civil Engi 
neers, New York, 
[CONCLUDED.] 

11/1. Mortar and Concrete—The mortar made of 
one barrel of cement to two of sand, measured 9.70 cu- 
bic feet per batch. This was the average of a large num- 
ber of measurements, the extremes varying 7 per cent. | 
each way. While the void spaces of the stone averaged | 
474 per cent., there would sometimes be a coarse run of | 
stone which had 53 per cent. of void spaces. To cover | 
such cases, the mortar had to be 54 per cent. of the bulk | 
of the stone. This makes the charge of stone toa batch 
of mortar 18 cubic feet. The stone was measured in | 
barrels, and at first 4% barrels, holding 18 cubic feet, 
was the charge of stone. As it was found after some 
use of the barrels that they became coated with dust and 
screenings to such an extent as to considerably diminish 
their capacity, 5 barrels of stone (which held the proper | 
quantity) was the charge for a batch of concrete. 

For mixing concrete, platforms 12 by 15 feet, of 14 
inch plank were used, the plank laid lengthwise in the 
direction the mixers used the shovel. Planed and match- 
ed plank are best, as causing less resistance to the shovel 
and less loss of water and cement. 

The sand was wheeled or carted from the piles, depos- | 
ited at one corner of the board, and 4 or § barrels of ce- 
ment brought at a time and placed there also, the cart on 
its return trip taking away the empty barrels. 

The sand and cement mixers, standing a_ barrel with 
both heads out on the corner of the platform, filled it 
with sand, which, with a twist of the barrel he spread, 
then opened and emptied a barrel of cement on it, and | 
standing the sand barrel on the pile, filled it again. He 
then turned the mass over and heaped it in a conical | 
pile. 

The broken stone was deposited near the platform and 
washed in the pile by a hose. The stone man shoveled 
it into § barrels with handles and holes bored in the bot- | 
tom, which stood in a row at the edge of the platform, | 
and then poured over each from one to two buckets of | 
water, which drained out through the holes in the bot- | 
tom. 

Four “mixers” cast the sand and cement from the pre- | 
pared pile on the platform so as to form a basin into 
which from 7 to 10 bucketfulls of water were poured 
from a tub standing at one end of the platform which 
was kept constantly filled. As the waterwas put in, the 
mixers with the backs of their shovels spread the dry | 
stuff over it, taking care not to let the water break through | 
the ring, and mixed the mass by running their shovels 
through and turning them, thus making a bed of mortar 
about 8 by 5 feet and 3 inches thick. On this they emp- 
tied the barrels of stone, by upsetting them over the | 
handles, and then scraped up the loose mortar around 
the edges, throwing it on top. 

Then standing in pairs opposite to each other at the 
ends of the pile, they turned the mass outward by run- | 
ning the shovel under the stone and mortar, and turning 
it on its outer edge and drawing it back with a spread- 
ing motion over the turned mass. The opposite mixers 
worked in until the shovels met and then they returned 
to the edge again. When the two pairs met in the cen- 
ter of the board, the concrete was in two piles. The 
operation was then reversed, and the concrete turned 
again towards the center, leaving it in one pile, which | 
was then shoveled into the hoisting box. In the mean- | 
time, the sand and stone men had been preparing their 
materials for the next batch, to which the mixers proceed- 
ed as before. The whole operation was performed in 
from 8 to 10 minutes, In 1869 a day's work fora gang 
of men was fixed at 50 batches of concrete. In 1870, 60 
batches were givenas a day’s work, and the task was ac- 
complished in from 8 to 9 hours, according to the length 
of travel of the cars, and consequent interval between 
the delivery of the boxes. The work was very arduous, 
and none but the most powerful men could stand it. 
They acquired great skill in the manipulation of the con- 
crete and worked very systematically. Part of the time | 
a fifth mixer was employed In turning up the edges of the | 
pile and helping in the heavy shoveling into boxes. 

During the first two years of the work, when the ma- 
sonry was below or near the ground level, the mixers 
shoveled the concrete into barrows which they wheeled 
and dumped themselves. They were paid by the day, 
and no limit as to the amount was assigned them. 

Two “rammers” took charge of the concrete as it was 
dumped from the barrows or cars, and spread it and then 
rammed it with wooden rammers. | 

In the following table is given the cost i” ¢ime of lay- | 
ing concrete for each season separately, and also, for com. | 





| N. Y. Srorace Sr. Lous | 
RESERVOIR. RESERVOIR, | 


nila bh ctingideagliians 
1867/1S68' 1869/1870. 1867) 1868) 1860 


Proportion of stone to mortar./2715 4082 6205 3720. . 


Cubic yards laid............ ./1.65/1.85)1.85/1.85!) 2.5) 2.0 


parison. the cost of laying concrete at St. Louis, Mo., as 
furnished by Mr. T, A. Meysenburg, when in charge of 
the construction of a reservoir for the St. Louis Water | 
Works. He explains the greater cost of mixing by say- | 
ing that laborers will not do nearly the same amount of | 
work in that latitude that they will at the East. 


| Laborers, mixing mortar 
| Laborers at derrick 


To compare the four years’ work, the hoisting must be | 
left out of the account. In the first two years, the mix- | 


oor aaa: & 


~|Mixed on/Hoisted by|) 
jLevel and|Steam and! 








wheeled in run on cars | 
Se | 
; B Is 
2. 1& | 
ai| ee 
Days’ WORK PER CURIC 72 a On Lever 
YARD. et} Se WHEELED IN. 
e3s|i"3 
£ men j 
ov Rwy ' 
zi. | 
i¢ = 
ise 
= n= 
= | 
; | ' | Rr at ae 
SE.. catdicdand vm> 1 0. 2230. 227 0.145 0.121) 0.6030. §37/0. 399 | 
Derrick and carmen,. | |..... ../0.038'0.070)!..... be aces sO ncn 
| Engine—hours. : oobeoos': i SEN MIB sc cswabetwastestcurl 
Handling sand... . j - ++» (0.005|0.071!..... Seabee Foci 
0.1610.114 -+'«2+..! 0. 18310. 134.0. 250 
Handling stone...... }|.....|.....|0.1270.098)|..... te: Boxe 
Carts... vee - 0.065 0.076 0.045 0.035 0.088 0.057 0.0468 
Ramming....... . 0. 12§ 0.078 0.071 0.073 0.1250. 107|0. 128 
Sand—cubic yards. ....'0.425 0. 416.0. 420 0.420 0.3730. 411 10.444 
Cement—barrels......./1.446 1.420,1.425 1.428 1.259 1. 394|1. $00 | 
Stone—cubic yard... ... 0. 5S88'0.946/0.946,0. 946) |0.926'0.! 


ad oot -208 
ers did the same work that the mixers and car tenders 
together did in the last two years. The men handling 
sand and stone must be taken in connection with the carts 
as the transportation from the piles was done by barrows 
or carts, according to the distance from the mixing board. 
Calling a cart and driver equivalent to two men, we 
have, as day’s work, per cubic yard: 











1867 


| 7. | 1868, | 1869, | 1870. 

| sablonaiapmanmeses secant | | caanapelcnaeetare 
a ee a . | > 

Furnishing material to mixers....... | 0.291 | 0.256 | 0,281 0.229 

Mixing and transporting to place... .| 0.223 | 0.227 | 0.233 | 0.191 

Ee ss os+s| 0.514 | 0.493 | 0.514 | 0.420 


This shows that the increased charge of stone, and the 
work coming nearer to the surface, diminished the cost 
in 1868, but that the change in 1869 tothe system of 
paying for 50 batches as a day's work made a consider- 


| able increase in the cost for that year, while in 1870 when 


60 batches was a day’s work, the cost was similarly di- 
minished. One reason for the diminished cost of engine 
in 1870 was that, when concrete had to be put in, two 
gangs of mixers were kept going by one engine on short 
runs of the car. 

The spreading and ramming cost more the first season 
than afterwards, because, at the beginning of the work, 
the concrete was made much less moist than in the suc- 
ceeding seasons, and the first layer on the rock in the 
bottom required the closest attention to obtain proper 
adhesion, and insure the bottom of the course being 


| thoroughly filled with mortar, It was found afterwards 
| that where the concrete was surrounded by large stones, 


freshly plastered, and the water was confined and pre- 


| vented from running off, the mass worked better and 


more easily by being made quite wet. A batch transport- 
ed from the mixing board to the place where it is to be 
laid, in one mass, and there dumped and spread to prop- 
er thickness (about 8 inches) makes far better and more 
homogeneous concrete than if moved in smal] quantities 
in barrows. There is Jess loss of mortar and water, less 
separation of the fine and coarse parts of the batch, and 
consequently, less tendency to have part of the concrete 
honeycombed.gWhen the mortar is quite dry, hard ram- 
ming is necessary to consolidate the mass, but it also 
tends to disintegrate it the instant that the cement has 
begun to set, and this is generally before the mass can be 
thoroughly consolidated. The best method is to have 
the mortar a little more moist than is proper for mason- 
ry, the batch dumped in one mass, leveled off with shov- 
els (the spreader at the same time turning over any ir- 
regularly mixed parts) and then slightly rammed with a 


| wooden rammer. Where it comes against walls or forms 


it is better to compact it by cutting with a shovel and 
then slightly ramming, than by attemptingto make it 
solid by ramming alone. The amount of water needed 
varies with the temperature and condition of the atmos- 
phere. Ordinarily, when the sand is slightly damp, and 
the stone well washed and wet, the quantity of water 


| used in mixing the mortar should not exceed 34% cubic 


feet per batch. 

‘The concrete, when set, weighed 13314 pounds per cu- 
bic foot; its specific gravity was 2.13. 

IV. Setting Large Stone in Concrete-—The \arge | 
unwrought stones laid in concrete, from the foundation | 


to within 45 feet of the top of the dam, were set in full 


| mortar beds, and the surfaces plastered just before con- 
| crete was laid around them. The setting was mostly | 


done by laborers, one mason superintending. The cost 
in day’s work per cubic yard was as follows: 


April 22, 1876. 


The cost of the mass of concrete and large stone, as 
laid in 1869, was 89% per cent. of the cost of concrete 


| alone and in 1868 was 84% per cent. of such cost. 


For reasons before given the percentage of large stone 
in work of this class ought not to exceed 25 per cent. of 
the mass, in which case the cost of the mass may be 
safely estimated to be reduced 10 per cent. below concrete 
cost, and its specific gravity increased 8 per cent. 

V. Cut Stone Masonry—Quarrying.—The stone for 
cutting was split out on the hillsides, and hauled to the 
stone yard near the dam. During the first year the 
quarry was not well managed, and the cost was too 
great to be of service for comparison. During the sec- 
ond year, the greater portion of the stone quarried was 
for rough stone and for breaking. The cost in time of 
quarrying the stone not intended for cutting was for 3,- 


| 400 cubic yards: 





Days per cubic yard 


“Da 





S per cubic yz 
DUO, ois ce aessiatesd 0.041 Tool-boy..-. oe eh ate hee 
PES iis waaddendaenen le i) TE a vedixatec we... 0.142 
Oe ee ee oe 0.140 Labor, loading teams... 0.077 
REMI fs Sas oc cee ed 0.036 Tools, powder and fuse to 
be added. 





From January, 1869, to July, 1870, 4,000 cubic yards 
of stone for cutting were quarried. Ali of this was split 
out with plugs and feathers, and hauled to the stone 
yard, an average distance of one mile. The cost in time 
was: 


Days per cubic yard| 


Days per cubic yard. 


POEs cnc nicsumenascs O.114 ON Reb cerehacyesee 
ION a iin 05 cia spaced 0.917 I hic 85 bikin cx binned 0.620 
PR. 6. ovinasawshes 0.420 Labor loading teams. ...0. 284 


er 0.102 





VI. Stone Cutting.—Rubble range masonry is de- 
scribed above. The stone was estimated at 2% feet beds. 
The actual average bed as laid in walls was 2.715 feet. 
As estimated, 10.8 square feet of face=1 cubic yard. 
The average face dimensions of the stone were 1.8 feet 
rise X 3.6 feet long=6.48 square feet face per stone ; this 
gave about 19 superficial feet of joint cutting per stone. 

The average days’ work of a man, deduced from 314 
years’ work, in which 5.200 cubic yards were cut, was 6.- 
373 square feet face perday. That is, 1 cubic yard took 
1.569 days’ work of cutting. Average day’s work of su- 
perficial feet of joint was 18.7 feet per day. 

In cutting the granite for the gate houses of the Cro- 
ton reservoir at 86th street in New York, in 1861-2, the 
minimum day’s work for a cutter was fixed at 15 superfi- 
cial feet of joint. This included also the cutting of a 
chisel draft around the face of the stone, which costs per 
linear toot about one-forth as much as a square foot of 
joint, making the actual limit equivalent to about 17.7 
square feet of joint. 

On the same work, the proportion to be added to the 
cost of cutters to give the total cost of stone yard was as 
follows, for 19 months’ work: 


WE BOR. 5 nia Sons vneyeceystdscccncses add 8 per cent. 
Ge MD CE OUI Se os 65655 cawinwcineincicecssens - 
Wh SMP BORNN BOONR, 6 on oo o6en ess ssccuesicecens = 
Fo labor moving stone in yard.................. ae 
For drillers plugging off rough faces..... ....... = 
Toba tn We ORIG. adc ndivveee estece en a 


For dimension stone, cut to ¥-inch joints, and ham- 
mer-dressed (pean hammered) on the faces, 1 cubic yard 
takes 9 days’ work of cutters. The coping of the dam 
composed of two separate courses of stone, 

f 12-inch rise, 30-inch bed, av i 
ref ay-inch chen, Seinen Bed vases Semen XS toe 
top pean hammered, face rough with chisel draft around 
it, beds and joints to lay inch, took per cubic yard 
6.1 days’ work of cutters. 

Grooved work for stop plank on upper face of the 
dam with fine cut grooves, courses averaging twenty 
inches rise, took 10.86 days’’ work of cutters for every 
foot rise. Steps cut in rock to receive the face wall of 
dam on northeast end, took 1.3 days’ work of cutters per 
linear foot of face. The above rates are all for granite, 
or stone of similar hardness. 

The stone used for the dam averaged 172 pounds per 
cubic foot, and the specific gravity as laid in wall with 
mortar was 2.71. : 

Vil. Laying Masonry.—Most of the cut stone was 
laid by one mason. More than two were not employed 
at any time. The mason’s gang also shifted derricks. 
The cost of hauling stone to work varied with position 
of the blocks in the yard and whether they were assorted 
there into courses, or lay promiscuously. 

The cost in time of laying the masonry in each year 
was as follows: 








| s867* | 1868t 


Total quantity laid—cubic vards.. Scene eae | 25234 2,353 
Percentage of whole mass. ..............-44+ | 32 | 36.6 











\Days, per cubic yd. 
Foreman (mason)..... ‘ - +++) 0.046 | o.05f 
Laborers, setting........ pasnue -| 0.208 0.142 
Laborers, plastering... keane 0.085 0.056 

wom ewalneed } 0.075 0.053 


, Ne --| 0.238 0.254 
Cement-- barrels. ............... as cael 0. 253 ° 22 
Sand—cubic yards Sa isso eee 0.084 0.0 
Stone—cubic yards... ........-2.---seeeeeees 0.8 0.892 
Transporting stone to the work—teams...... 0.160 0.073 
Laborers loading—teams................ ee Wee 0. 305 





*Stone lowered ave of 20 feet. +One-half lowered 5 feet; 
one-quarter swung in level; one-quarter hoisted 6 feet. j 











Cut Stone Masonry.. | 1868. | 186y. 1870. 
Total cubic yards laid 1070 | 2270 2530 
Hand Hand | Steam | Steam 
hoist. hoist hoist. hoist. 
Days per cubic yards |Av. 5 ft.|10 to 20 ft moot 30 to so ft. 
PROM. ia ccscccdecsos | eee O.11 o. 0. 108 
Laborers....... sou ft @i8Bg o.1 0. 14 0.155 
Mortar mixer........ 0.100 0.082 oe 0.101 
Derrick and carmen. 0.327 0.341 0.235 0.261 
BRagine, ROWIS...0.<. | cece.) coose o. 0.490 
Cement, barrels..... 0.314 0. 304 0.250 
Sand, cubic yards... | 0.093 0.093 0.093 
Stone, cubic yards. .. 0.8 o. 0.g00 
Teams from yard.... | 0.100 0.056 0.110 
Labor loading teams | 0.134 0.223 0.086 


-_— 

The stones were suspended by two hooks at the ends 
of a chain, on which was asliding ring. The hooks were 
put in notches on the front and back of the stone, made 
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with a stone cutter’s “point.” The sliding ring enabled 
the bed to be slung at any angle. The lower face wall 
was set with the beds sloping back 2 feet in 5. This in- 
clination caused a good deal of trouble. A stone would 
rest without sliding when it was first laid on the mortar, 
but when struck with the maul would slide unless the 
blow was delivered perfectly square with the stone. This 
was almost impossible to do, and as a good purchase for 
a pinch bar could not well be obtained, the masons used 
plocking against the concrete to hold the stone in place. 
This had a tendency to throw the rear of the stone up 
and keep it from its bed. Although apparently a small 
matter and easily attended to, this is in fact a serious ob- 
jection to the laying of stone on that slope, when, as in 
this work there are over 3 miles of stone to be so laid. It 
1s better to diminish the face batter to one-third instead 
of four-tenths, even if it involved the making of an oc- 
casional offset in the wall to reduce the amount of ma- 
terial. 

VIII. Brick Masonry.—The amount of brick ma- 
sonry was small, only the arches of the waterways, and 
the interior walls of the gate house being laid in brick. 
The bricks used were “Croton” hard burned selected 
prick. The arches were semicircular, 4% feet in diame- 
ter, laid in three rings. The inner ring contained 33 
brick, the middle 38 and the third 42, As laid in the 
arch, 22 stretchers, or 47 headers were 14.90 feet long. 1 
cubic yard took 554 brick and 0.95 barrels of cement. 


The sizes of brick vary so much in different localities | 


that any estimate based on the number of brick laid has 
only a limited local value. The proportional number of 
brick used in different classes of work may be useful. 
Thus. 1,000 of the same kind of brick, viz.: ** Croton 
hard brick,” laid, 
In lining wall of gate house substructure, 86th Street 

New York $5.2 cu. ft. 
In flat arch, High Bridge enlargement, New York...46.0 cu, ft. 
In small arches, Storage Reservoir 48.9 cu. ft. 


On an average—the weight of these bricks is 4% Ibs. 
each, and they will absorb 19 per cent. of their bulk of 
water. 

The time of masons laying brickwork under inspection 
varies very much from that in ordinary building. No class 
of mechanics needs more instruction at the outset, and 
constant supervision than bricklayers on public works. 

Tn estimating on the cost of brickwork, the class of 
work must be particularly considered. The great differ- 
ence in cost of different kinds of work is exemplified by 
the following table of actual cost: 


Days mason 
” cubic yard, 


High bridge enlargement 1863. Lining wall anc 


flat arch laid with very close joints........... 0.714 
Washington aqueduct, 1864. Circular conduit 9 

feet diameter, 12 inches thick............ ie 0.439 
St. Louis water works. Conduit, semicircular arch 

6 feet diameter, vertical sides and invert. .... ©. 364 
Storage reservoir, 1869. Lining of gate house, 

walls and arch; rather rough work......... 0. 304 


Roads—Three miles of new roads around the reser- 
voir were built by the department. The road bed is 16 
feet wide with crown of 6 inches, anda ditch 1% feet 
deep on the side. All material was removed to a depth 


| cable for ordinary road use, only noticing that the con- | 


| common road one. 


| 


| 


| 
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transport in the ordinary avocations of life. The very 
earliest attempts at locomotion were made upon common 
roads, and so far as movements on these have been efiect- 
ed, the success attained nearly seventy years since by 
Trevithic has scarcely been equaled, and certainly has 
not been far surpassed down to the present time, not- 
withstanding the great advance in the knowledge of the 
properties of steam, and in the facilities for construction 
The essays havenumbered by the hundreds. Experienc- 
ed mechanics, with skilled Inhor applied in the direction 
of thorough knowledge of mechanism and of the steam 
engine, have vied with inventive projectors who have 
possessed that ignoranée, which, untrammeled by edacat- 
ed notions to unlearn, sometimes gives scope to ingenuity 
and novelty; and both knowledge and invention have 
failed alike. 

Within the past few years there has heen put in use in 
England, as a means of hauling heavy weights, the form 
of engine known as a Traction Engine, and as the roads 
of that land are (and from the absence of frost can be) 
kept in excellent order, and as the quantity.of heavy ma- 
terial to be removed is very great, these engines have in- 
creased, and continue to increase, in number. Another 
class of engine in England, but little known in the United 
States, the Agricultural Engine, which is a power engine 
of small size, with its boiler mounted on wheels, to be 
moved from place to place, has also been mace to be self 
propelling. The road roller is another type of locomo 
tive which has been quite fully introduced. None of these 
answer description of steam carriages, nordoes the kind 
ot engine likely to grow from them, promise much to- 
wards a Darwinian developement into what will eventu- 
ally be found to be employed in transporting passengers 
and light loads in the street. whether on the rails or on 
the pavement. 

The mechanical difficulties to the application of steam 
as a motive power for carriages, have gradually come to 
be appreciated, and with the somewhat more complete 
knowledge of the conditions and requirements, it is prob- 
able that the next attempts, made in earnest, by skilled 
and informed mechanics, will effect more satisfactory re- 
sults. It is a settled conclusion that the adhesion of the | 
wheels, or of a pair of them, sustaining half the load, is | 
ample for the purpose of impulsion at any grade practi- 


tact or bearing of the drivers upon the ground must be 
positive and uniform. A four wheeled vehicle with ax- 
les attached to a rigid body. when standing or running | 
on the uneven—generally twisted—surface of a road, will 
obviously rest or have its bearing only upon three of its | 
wheels, and this condition of three points of bearing at- 
taches to the tram road locomotive, as well as to the | 
Balance bars or gimbal-hung swing- 


| ing axles will secure the equal distribution of weight up- 


on drivers, or what in the road carriage is equally essen- 
tial, on directing wheels. The possibility of driving 
around any curve, as the directing wheels may lead or 
trail, is secured by the “jack-in-the-box motion” of the 
traction engine, which applies the force to either driver 


| of a pair of wheels, imparting to either wheel in whatever | 


of one foot below the grade, and a top dressing ot the | 


best gravelly earth in the vicinity, free from stones over 
1% inches in diameter put on and well carted over. Fil- 
lings were made with loose rock, and frequent culverts 
provided. On the reservoir side, retaining walls of boul- 
ders, topped with a fence wall 3% feet high, 2 feet wide 
at the bottom and 18 inches at top, were built. These 
toads have been in use five years, have never been repair- 


ed and are perfectly good now. The cost of the road, | 


fence walls and three bridges was $18,172 per mile. 

The cost of the dam alone to the completion of the 
original design (except calking and pointing the upper 
face) in 1870, was $370,000. The total cost of the res- 
ervoir, including land, dam, roads and engineering to the 
same date was $590,000. 

In preparing this memoir, an endeavor has been made 
to present only the results of actual experience, and to 
aid in supplying a want which is often felt by engineers 
in estimating the cost of work with the desails of which 
they are not familiar. Every engineer of experience has 
his collection of memoranda concerning work on which 
he has been engaged, but when called upon to estimate 
on another class of construction, data are very difficult 
to obtain. The estimates of contractors are too fre- 
quently based on mere guess-work, as is shown by the 
very great discrepancy in the bids on every work which 
is oftered at public competition. The only data which 
can be relied upon are founded on observation of the time 
actually taken to perform certain operations. With these 
as a basis, the cost at current prices can be computed. 
To this cost must be added the amount needed for plant 
superintendence and profits, concerning which no rule 


can be given, as every public work has its peculiarities | 
uire special study, but at the bottom of all is | 


which 
the actual cost of doing the work, and a knowledge of 
this is essential to making an intelligent estimate, 





The use of Steam Carriages on the Street | 


Railways and Common Roads. 





(From the Journal of the Franklin Institute) 


In none of the appliances of the steam engine, since it 
was emancipated from the patents and the practice of 
James Watt, in the year 1800, has so Ilttle accomplish- 
ment resulted from so much ingenuity and effort, as has 
been expended upon the use of steam as a means of 











| have when running upon a curved line. 


proportion is requisite, the motion or rotation it should 
Of course, the 
abrading action of the tires (like that of the faces of a 
mortar mill) upon the ground, yet remains, and the wear 
on them, and on the road bed at the place of turning, 
will still be large, but the leverage tc overcome this grind- 
ing, and the amount of grinding, will be so much less, 
than that which accompanied the action of wheels rigid- 
ly attached to an axis, that it can be surmounted or en- 
dured. The conditions of leading the tram road car- 
riage around tbe curve differ altogether from those of | 
guiding the ordinary road carriage. The tram road car- | 
riage will guide itself, with either the Bissel two wheel 

truck, or, more perfectly still, with the old German six 

wheeled wagon arrangement, (in which the axles adjust 

themselves radially to any line of curvature); while the 

ordinary road carriage must have the swinging axle only | 
for a guide. 

In the application of power to the steam carriage, it is | 
apparent that the starting resistance is the most difficult | 
to overcome; and,although many methods suggest them- | 
selves, none has yet had practical application in service | 
in parallel work. The utilization of the momentum of | 
stopping may be available to help the starting of a carri- | 
age. This has already been elucidated as possible on | 
railway trains, but in this case the gain from from all the | 
momentum lost at a stoppage bears so small a porportion 
to the labor of the locomotive engine, as not to be worth 
saving. Thenecessity of two speeds, at least, is acknowl- | 
edged, but with the gearing of the jack-in-the-box there 
is no great objection to double speed wheels in addition. 
The total motive power of the engine demanded is about 
what is rated two horse power, at the most, and the en- 
gine becomes very small. The success of the “three 
cylinder engine,” now made by the thousand, almost, in 
England, and its facility for the use of the expensive | 
force of steam, at high velocities, seems to open a ray of 


light into the darkness where the steam carriage of the | 
The recognition of the fact that the | 
interstices of a mass of coal, on a given surface, present | 


future now Jays. 


an equal area for any size of lump, whether coarse (large) 
or fine, only that all the lumps or grains must be sorted 
to the same size, is slowly being made; and as our fine 
anthracite coal, of fea size runs like water, it follows that 
automatic firing of the small boiler will be the finality 
for the purpose of the steam carriage (as well as the pos- 
sible finality of the firing of marine, if not all, steam 
boilers) This, with suitable automatic arrangement for 
feeding, will permit the steam carriage to be run by oue 





| ern merchant steamers it is greater still. 
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man alone. Only some of the salient points of the me- 
chanism of the coming carriage have been noticed here; 
others of nearly equal importance present themselves, 
which can be discussed or settled, in the same way, by 
those especially interested. 

Eventually, the steam carriage will be as distinctive as 
the locomotive engine, and will have its nationalities as 
the locomotive has, and its individuality, as the Ameri- 
can locgmotive of to-day has Wm. Mason inscribed up- 
on it. 

The steam carriage when in use on the public highways 
or tram tracks, will be much more safe from accident 
of any kind than the ordinary vehicle or the street car. 
The requirement of penalty can be made as stringent as 
letting all statute laws out of the question will allow the 
enforcement of common laws; and under the impulse of 
such penalties—safeguards, catchers, detentors, or ar- 
resters—automatic contrivancies of all kinds, will multi- 
ply to the point that will give security to the other traffic, 
quite as great as that now attendant upon the average 
driver and the carriage horses. While the control of the 
apparatus, either to start or to stop, caw be made certain- 
ly as effective as the present ordinary carriage, however 
carefully driven. 

The abuse of animals (horses) in our street cars is a 
shocking evil, and those instincts of humanity which lead 
us to avoid the occasions or exhibitions of cruelty, now 
urge with great strength the substitution of inanimate 
force for so completely mechanical exertion of power. 
The repairs and restoration of the roadways, consequent 
upon the employment of horses in so large numbers, form 
the chief items of expense to the highway department, 
and the substitution of steam carriages would materially 
reduce this burden on the city. The removal of the 
horses from the street railroads alone, would greatly im- 
prove the cleanliness of streets, by the prevention of so 
much decomposable matter now deposited upon the sur- 
face of the pavement, to be ground under the wheels to 
an impalpable powder, blown about with the winds, and 
vitiate the very air webreathe, With due regard for the 
public health alone, it is desirable to substitute the steam 
carriage for the horse car. 





Ship Resistance. 
From the Galaxy. 
After an exhaustive inquiry into the laws which govern 
the flow of water in the presence of obstructions, which 
was presented to the British Association, Mr. Froude 


finished by an analysis of the resistances which a ship 
has to overcome. These are three in number: surface 
friction, friction of the particles against each other, which 
is only felt practically when the ship has features suffici- 
ently abrupt to cause eddies, and finally wave genesis. 


| The old idea that there is a direct “head resistance” pro- 


portioned to the largest immersed area of the vessel he 
entirely rejects. ‘There is no force due to the inertia of 
the water on the area of the ship’s way, With large 
ships surface friction is the largest item. In the Grey- 
hound, a bluff ship of 1,100 tons, 170 feet long, with a 
thick stem and stern posts, making large waves at ten 
knots an hour, this surface friction was 58 per cent. of 
force to overcome. In the long iron ships of the mod- 
Eddy resist- 
ance hardly has any value with such fine lines as are now 
used. 

Wave resistance is important, and the laws of such 
wave combinations are so complex that it is impossible 
to predict what waves will be formed by a given vessel. 
Mr. Froude says: 

‘*There are, however, some rules, I will not call them 
principles, which have to some extent been confirmed by 
experiment. Ata speed dependent on her length and 


| form, a ship makes a very large wave resistance, at a 


speed not much lower than this, the wave resistance is 
considerably less, and at low speed it is insignificant. 
“Lengthening the entrance and run of a ship tends to 
decrease the wave resistance; and it is better to have no 
parallel middle body, but to devote the entire length of 
the ship to the entrance and run, though in this case it 
necessary to increase the midship section in order to 
get the same displacement ina given length. With a 
ship thus formed, with fair water-lines from end to end, 
the speed at which wave resistance is accumulating most 
rapidly is the speed of an ocean wave, the length of 
which from crest to crest, is about that of the ship from 


end to end. 


“In order to reduce wave resistance we should make 
the ship very long. On the other hand, to reduce the 
surface friction we should make her comparatively short, 
so as to diminish the area of wetted skin. Thus, as 
commonly happens in such problems, we are endeavor- 
ing to reconcile conflicting methods of improvement ; 
and to work out the problem in any given case, we re- 
quire to know actual quantities.” These quantities he 
hopes to ascertain from experiments he is now making. 
It will be seen from these criticisms that modern ship- 
building does not answer the theoretical requirements. 
Merchant steamers have the long straight “middle body” 
which Mr. Foude condemns. 
| Perhaps the fact that this increases the friction and 
| therefore the cost of driving the vessel will bring about a 
reform. 





} 

| The workingmen of Fort Wayne, Indiana, have held 
| an indignation meeting and resolved against building 
water works in that city. 
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| He objects to workshops on a small scale and merely 


| imitative, and would put the actual practice first and | 


SATURDAY, APRIL 22d, 1876. 


CEO. H. FROST, - Editor and Publisher. 
108 Washington Street, Chicago, Illinois. 


Official organ of the 


Civil Engineers’ Club of the Northwest. 


and of the 
Chicago Chapter of the American Institute 
of Architects. 


Subscription, $2.12 per anntm ; 1.25 for six months, pavable 
in advance. To English subscribers the price is $3.10 Ameri- 
can currency. 

Chub rates, $15.00 for ten copies. 

Advertising rates, $2.00 per inch, single column, for each in- 
sertion, An extended table of rates for space will be sent on ap- 
plication, 

Remittances may be made by Post Office Orders or Bank 
Drafts payable to Geo, H. Frost. Do not send cheques on local 
banks. | 

Agencies.—Alfred Willson, C. E., Canada Company’s Office, 
foronto, and Geo, D. Ansley, Assistant City Engineer, City 
Hall, Montreal, are sole agents for Engineering News in the 
Dominion, to whom Canadien subscriptions may be paid, and 
who will also receive advertisements and furnish full information 
is to terms, etc., etc., on application. 

Al! communications should be addressed to 


Engineering News, 
108 Washington Street, Chicago. 


TABLE OF CONTENTS. 


Heat and “ight - - 129; 
Constraction of a Masonry Dam (Concluded) 130 
Phe Use of Steam Carriages on the Street Railway and 
Common Road - - - 131 
Ship Resistance ° ° ° : 131 
Pechnical Education - . . 132 
Phe Village Engineership of Hyde Park - 132 
The Nautrigon - - 132 
he Sny Levee Disaster . . ° 133 
Proposed Water Works at Taunton, Mass. . . 133 
Newton’s Hydraulic Dredge - 134 


Proposals for Contracts - - - - 134 


TECHNICAL EDUCATION. 

A paper was read in June, 1874, before the American 
Society of Civil Engineers, by Thos. C, Clarke, upon the 
education of engineers, and it was followed by an inter- 
esting discussion. ‘The course here advocated was first, 


a few years in college, the student being engaged with | 


the ancient and modern languages, a moderate amount of 
mathematics, and the natural sciences; next, practice in 
the field and office, to gain an experience of how things 
are done; and finally the technical school, where one 
should pursue a special branch selected previously. The 
writer sums upas follows:—‘'Let the earlier studies tend 
towards developing the mind of the student, strengthen- 
ing his powers of observation and judgment, and teach- 
ing him to generalize. Then let him go into the field 
and study actual practice, select his special branch, and 
aquire the technical scientific knowledge necessary to 
the practice of that branch. Let him learn general prin- 
ciples in the schools and technical knowledge while in 
practice. 

From the other side of the water we have a lecture 
delivered at the University College, October 5, 1875, by 
Prof. Alex. W. B. Kennedy, C. E., reported in Engineer- 


tng, Oct. 8th and 15th, 1875, upon the place of colleges | 


in engineering training. He includes in college what is 
also called a technical school. His ideas may be briefly 


stated thus :—The lines which the education should take | 
would be, first, a general scientific groundwork, a knowl. | 


edge of the principles of the sciences upon which engi- 
neering is based, mathematics in the various branches, 


physics, in the most general sense, chemistry, metallurgy | 


and geology ; secondly, a knowledge of the way in which 
they are applied to engineering work, and an establish- 


ment of the identity of theory and practice ;—and lastly, | 


not only the knowledge of these applications of the pure 
sciences, but also some eXperience in the applications 
themselves, that is, some!practice in the constructive and 
other processes of whieh he has already studied the prin- 
ciples. The preliminary training would then be eom- 
plete and the student could take up a specialty to advan- 
tage, This practice would be had in what might 
be called a physical laboratory, where the student 
should have access to a, boiler and engine, should 


take part in experiments*"upon the strength and elasticity 


of materials, experiments in hydraulics, construction and 


testing of models, etc. 


And now, later, we havethe address delivered before 
the American Institute of Mining Engineers, by the Pres- 
ident, Mr. A. L. Holley, Feb. 22, 1876, on the subject 
of technical education. This able address was reported 
at length in the Engineering and Mining Fournal. 


| He says: “In order that the technical school should be 
| in the highest degree useful, fruitful and economical, it 
| 


theoretical study later. His desire is to train experts. | 


must instruct not men of good general education, but 


artisans of good general education. The art must pre- 
cede the science. The man must first feel the necessity, 
and know the directions of a larger knowledge, and then 
he will master it through and through.” [le would es- 
tablish organized schools in the various existing engineer- 
ing works, where they shall do good and full work du- 
ring specified hours, under the discipline as well as the 


| technical guidance of a master. “ Young men, of more | 
| advanced general culture, when they begin the business 
| of technical education, shall apply to nature first and to | 


the school master afterwards.” 


Even if the reader does not agree with any one of the | 
above writers on all points, he will find much food | 
for reflection in the papers to which we have referred. 
Technical schools have increased in numbers and in the | 
aggregate of attendance upon them, very rapidly within 


the past few years, and it is exceedingly desirable that 


the outlay should be well directed and confer the most | 
benefit. What then should technical schools aim to do, 
and at what stage should they take and send out their 
students ? 

There is one thing in which all the above articles con- | 
cur, the value and desirability of a good preliminary ed- 
ucation, or as it is often styled, a liberal education, Itis | 
well-known to all who have had facilities for observation | 
that the previous training of a college course, enables the | 
graduate to progress more easily and rapidly in techni- | 
cal studies, and to master more readily the essential | 
points of actual operations. The drill and discipline of | 
the study of the dead languages and of the mathematics | 

| tell here, in having taught the student how to learn, and | 
| in having strengthened the power for close application 
and continuous effort. But habits of study in any direc- | 
tion are equally useful, and the more extended prelim- | 
inary training of this sort the student may have the bet- 
| ter. Engineering is so intimately linked with other arts 


and sciences that, in a practical point of view, there is 
no knowledge but what at some time, in an engineer’s 
varied duties, may come of use. As most of the students 
in our technical schools are not young men of a previous 
extended culture it becomes necessary to occupy a large 


which are preparatory, general in scope, and not strictly 
technical. 

While it is in the power of professional schools to re- 
| commend, it is hardly expedient for them to require a 
| previous college course of study. The man of ample 
| training can commence at an advanced stage of the cur- 
riculum, while those students of more limited knowledge, 
| graduates of high schools and academies, will spend some 
| two years in broadening their view and strengthening 
their powers. And here our schools show to advantage 
in comparison with those of law and medicine, in not be- 
ing restricted to purely technical branches, and in taking 
| some care that the students have an acquaintance with 


| 


| subjects not strictly essential] to the professional work. 


agreed that it should be as broad, deep and thorough as 
possible. We must postpone until next week what we 
| have to say on other points. 





THE VILLAGE ENCINEERSHIP OF HYDE 
PARK. 


A few weeks ago we took occasion to refer to the of- 
| fice of Village Engineer of Hyde Park in connection 
with the election for Trustees of that broad village. The 


election came off on Tuesday last and the ticket which | 


we advocated was triumphantly elected. We congratu- 
late the tax-payers of Hyde Park on their victory, and 


hope that *‘ bummerism” in this, the most flourishing of 


Chicago's suburbs is squelched forever. 
Owing to the rapid enhancement of Hyde Park real 


estate and its settlement mostly by a wealthy class, the 


one and it becomes necessary for the newly elected Trus- 


portion of the first years of the course with branches | 


As to the preliminary education then, all seem to be | 


heretofore been paid. In connection with the office we 
beg leave, with all due deference to the acknowledged 
reputation for business sagacity, of the Trustees elect, to 
recommend the name of C. McLennan, C. E., now 4 
resident and large property owner in Hyde Park. We 
have had an intimate personal and professional ac- 
quaintance with him for about seventeen years (at 


| which time he graduated with distinguished honors 


from the class of engineering in an eastern University), 


| and we can vouch for his scientific and practical know]- 


edge of the engineering problems that may be brought be- 
fore him as Village Engineer of Hyde Park, and his 
character as an industrious, painstaking and thoroughly 
conscientious and honest engineer is too well known in 
Hyde Park and Chicago to need any further endorse- 
ment. Of the candidates for the office whose names we 
have had mentioned to us, we are confident that, in pur- 
suance of their expressed policy of getting the fittest 
man to serve the interests of the village at a fair com- 
pensation, the one whose name we propose is by all 
odds the most worthy. 





THE NAUTRICON. 





And Sumner’s Method for Determining a Ship's 
Position, 


— 


BY BERNARD R. GREENE, C. E. 





(Written for Engineering News.) 
This word, though not familiar, is doubtless destined 
soon to become so amongst navigators, as it is the title 


| of a new nautical instrument recently patented by Rev. 


Dr. Thomas Hill, the wel known mathematician, ex-Pres- 
ident of Harvard University, and now of Portland, Maine. 

It is intended as a companion to the sextant and chro- 
nometer, and is designed chiefly to ensure the rapid and 


| accurate determination of a ship’s position at sea by 


Capt. Thomas H. Sumner’s method, now extensively 
used. As the beauty of both the method and the instru- 


| ment have won the admiration of the writer, it was thought 


that asketch of them in the columns of the News 
might prove interesting to many engineers, who, though 
not expecting to be immediately called upon to survey a 
trail upon the trackless ocean, are always ready to listen 
to an explanation of any new short cut to the solution of 
a problem, that will eliminate all appreciable errors. 

Generally when the latitude is not correctly known, 
the longitude by chronometer will necessarily be in error, 
| but the Sumner method furnishes the means, when the 
chronometer has correct Greenwich time, of ascertain- 
ing the ship’s position, as a point can be determined by the 
| intersection of two straight lines upon a Mercator chart. 
| Observations can be taken at any time of the day or 
night, when an opening in the clouds reveals a known 
and favorably situated heavenly body, and the horizon is 
| not too much obscured. The method depends upon the 
determination of one or two circles of equal altitudes of 
the sun (or other heavenly body) which are circles upon 
the earth's surface whose centers lie in a line joining the 
center of the earth with the sun, or, in other words, they 
are like the circles of latitude, their poles being the points 
upon the earth’s surface at which, at the time of obser- 
vation, the sun is vertical. This system of circles changes 
with the diurnal revolution of the earth and the declina- 
tion of the sun. 





question of sanitary improvements is now an important 


As the ship from which an altitude observation is ta- 
ken will be somewhere upon one of these circles, it is ev- 
ident that if two circles are determined at such an inter- 
_ val of time as will allow the sun a sufficient change of azi- 
| muth, their intersection upon the surface of the globe 
will be her true place if she has not moved during the 
interval. If she has moved, then the bearing and dis- 
tance by dead reckoning of her last from her first posi- 
tion is to be laid off from any point of the first circle and 
through the point thus found a circle of the earth drawn 
parallel to the first circle will intersect the second at her 
last position. Completing the spherical parallelogram by 
a line from the last point, her first position is found up- 
on the first circle. 

A circle of equal altitudes is ordinarily determined as 


tees to be careful in their selection of an engmeer. As follows: As, by dead reckoning, the navigator always 





was shown by the figures in our last article, the expenses 
connected with the office during the past year were sim- | assumes it to be, say, 30’ greater, takes the altitude of 
ply absurd, when the work done is considered, and the 
Trustees can find an engineer who can do all thatis | works up his longitude. 
wanted, and do it well, fora great deal less than has 


has an approximate knowledge of his latitude, he now 


the sun by the sextau.t, its declination from th Nautical 
| Almanac, Greenwich time from the chronometer, and 
The position thus obtained is 
projected upon a Mercator chart. 


Next, assuming a lat- 
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rude 1°, more or Jess, smaller than before, the other data | 


remaining the same, he works up a new longitude, and 


pro 


altitude was used it is evident that these two points lie | 


» a circle of equal altitudes, which, within limits of two 


or three degrees, will be practically a straight line. | 


Therefore, through the two points upon the chart is 
drawn a straight line, upon which the ship must be some- 
where. The bearing of any land intersected by the pro- 
longation of this line is at once found, while both bear- 
ing and distance to an ; 
to it are also found. Aftera sufficient lapse of time, say 
one to three hours, a second altitude is obtained, and, 


with the same assumed latitudes, two other points are | 
projected upon the chart and a second line containing | 


the ship's position is drawn. 

These computations include four separate though sim- 
ilar problems, many searchings in tables of logarithms 
and corrections ; and involve so much ciphering as to be 
therefore liable to error, especially at the hands of men 
of moderate skill in calculation. 

Suppose now that it is desired to correct the compass. 
Either of the two lines plotted upon the chart being prac- 
tically perpendicular do the direction of the sun at the 
time of the corresponding observation, it is evident that 
if the compass bearing of the sun had been taken at the 
same time it could now be compared with the ¢rve bear- 
ing of the line on the chart, by making allowance for the 
difference of go°. 

‘The nautrigon, as shown in the figure, consists in 
principle of four arcs of circles. D, the declination arc; 





L, the latitude arc ; H, the lower arc; and A, the alti- 
tude arc. D, L and A represent arcs of great circles of 
the earth, the first two being meridians, while H is an 
arc of a parallel of south latitude, placed in this instru- 
ment at 30°. This combination is, in short, a skeleton 
of less than one-third of a globe. The planes of D and 
L are hinged on the line a4 representing the earth’s axis, 
a being the north pole, while the plane of D is perma- 
nently attached perpendicular to the plane of H, leaving 
L free to revolve over it. 


D is provided with a vernier carrying at its zero a short 
projecting pin which always points to the zenith, while A 


is detached and provided at one extremity with a half 
compass card whose center is a hole fitting nicely over 
the vernier pin. D and L are each 120°, graduated 
from the equator go° north and 30° south; A is 90°, 
graduated with the go° mark at the compass; and H is 
120° divided into eight hours with subdivisions for min- 
utes and seconds. 

Now let us see what assistance may be rendered by 
the nautrigon in the above computations. Take the al- 
titude of the sun simultaneously with the time by chro- 
nometer. Apply to the altitude the tabular corrections 
for sun’s semi-diameter, dip of the horizon, refraction 
and parallax, the joint effect of which is usually given in 
one table and may be applied asasingle correction. Set 
and clamp the vernier at the declination of the sun taken 


from the nautical almanac, thus bringiug the pin direct- | 


ly under the sun, the declination arc representing the 
sun’s meridian at the time of observation. Attach the 
altitude arc to the vernier pin, and swing both this and 
the latitude arc to intersect each other respectively at the 
assumed latitude and corrected altitude. The latitude 
arc then stands upon the hour arc at the exact number of 
hours and minutes before or after noon when the obser- 
vation was taken. This reading, corrected for mean 
time as usual, compared with the chronometer time, and 


15° of longitude allowed for each degree of the differ- | 
ence, gives the longitude corresponding to the assumed 


latitude. Assume a second latitude, a degree or so low- 
er than the first, swing the altitude and latitude arcs to 
‘intersect, read off the time as before and get the second 
longitude. Two points are now determined, in a line 
passing through the ship, which may be projected upon 
the chart. 

As two or three subtractions and multiplications with 
small numbers constitute the ciphering for each position, 
much of which may be done mentally, it would seem 
that, until there is established upon the ocean highway a 
better system of guide boards than now exists in the sun 
and stars, the operations for finding a ship’s position 
will never be simpler than these. : 

By means of the half compass card of the nautrigon 
the compass variation is readily obtained. 
taken the compass bearing of the sun at the time, say, of 
the first observation, arcs A and L are now set to inter- 
sect at the ¢rue bearing of the sun read upon the com- 
pass card. 





jects a second point upon the chart. As the same | 


y shore lying parallel and opposite | 


For, having | | 
| Along the banks of these creeks, as well as along the | 
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In south latitudes this instrument is to be imagined as 
inverted, the north pole becoming the south pole. 

Although its design was suggested by the Sumner 
method the utility of the nautrigon is not thus limited. 
| It will save a large amount of computation in great cir- 
cle sailing, when the course to be steered at the several 
verifications of position may be at once read off the com- 
pass card without calculation. It is also useful in the 
solution of any problem involving a spherical triangle. 
| Tests with a completed instrument have given most sat- 
afactory results. 





The Sny Levee Disaster. 

The washing out of the reservoir dam at Worcester, 
and the inundation and damage consequent therefrom, 
are outdone this week by the immense “crevasse” in the 
| Sny l.evee near Hannibal, Mo., where, instead of the 


letting out of the penned up waters of a little brook, a 
portion of the swollen volume of the mighty Father of 
Waters is being turned upon a vast area of country to 
drive hundreds from their homes and to carry ruin and 
its course 


desolation in Of the particulars of the dis- 


| aster our readers will be fully informed by the city dailies 


and local newspapers, before our journal reaches them ; 
| we think, however, that the public will be interested in 
learning something about the levee that has been broken 
through. We reproduce, therefore, from Volume I, of 
| this journal a portion of a paper on the subject of “Le- 
L. Corthell, 
Chief Engineer of the Sny Levee, and now Asst. Eng. 
' South Pass Jetty Works, read before the Civil Engineers’ 
Club of the Northwest, in 1874. 


veeing on the Upper Mississippi,” by E. 


Mr. Corthell writing 
| July roth, 1874, says: 
Leveeing in the South has been for many years the 
most important ofall public works, and the proper main- 
| tenance of the levees is the life of the people. 
| Leveeing overflowed lands has not been attempted till 
recently, to any considerable extent, on the Upper Miss- 
| issippi. 
It remained for a few enterprising farmers residing on 
a district known as the Sny Island, in Pike County, IIl- 
| inois, to be the first who dared to attempt such a work. 
This tract commences about twelve miles below Quin- 
cy, and extends down the river fifty-one miles. 
Whether the river was once a vast lake with a water- 


| wider and more rapid river, free from its sandy bed and 


hundred and fifty feet below the present low-water mark, 
and in a subsequent age deposited the sand and spread 
out this tract of land which we are now leveeing, are 
questions more curious than important. 

As we find it, it is a river with a bed of sharp, clean 
sand to the rock. It has a velocity of from two to four 
and a half miles an hour, a difference between high and 
low water of from twenty to twenty-two feet, waters com- 
paratively clear, its changes slow, its curves easy, and its 
position nearly permanent from year to year. 
west it follows the line of the bluffs 


the soil of which consists of a black sandy loam from 
three to ten feet deep. The plane of the tract at the up- 
per end is ten feet below high-water mark, and at the 
lower end about eight feet below the same level. In this 
respect it fellows the law governing the formation of sand 
beds, which are always higher comparatively at the low- 
er end. 

The district is divided its entire length by a slough or 


the bluffs on the east, and then turning comes nearly to 
| the river on the west. Connecting it occasionally with 
the river are cut-offs, which act as outlets or inlets accord- 
ing to the comparative heights of the bayou and the river 
From the peculiar meandering nature of this bayou it 
received the name of ‘“ The Chenal Ecarte”—the lost 
channel—which has been abreviated in common parlance 
into “The Sny.” 

The river, like all streams that carry sediment in solu- 
tion, deposits the larger portion of its burden on its im- 
mediate banks in times of flood, and thus builds. as it 
were, in part, its own barrier to the lands lying remote 
from its banks. 

This formation makes a water shed from the river to- 
ward the Sny. 

The river breaks through this natural ridge occasion- 





river pours its overcharge before the banks are submerg- 
ed. The water thus escaping from the river finds it way 


| into the back country, and finally to the Sny, and is pour- | 


| ed into the river again many miles below at the mouth of 
| the Sny. 

| The Sny also receives the rainfall of the bluffs and 
| high lands for many miles back by means of several 
| creeks, which, rushing down through the breaks in the 
| hills, go meandering across the district till they unite 
with the Sny. 


| Sny, its various tributary sloughs and the river, consider- 
| able timber is found of the character usually seen on al- 
luvial tracts. 


flowing without obstruction over the rock now found one | sake toward the center line, this precaution beg taken 


On the | 
; on the east it flows | 


along a rich tract of alluvial land six or seven miles wide, | wide. an outside slope of three to one, and an inside slope 


| of ten to one, the slopes and crown width to be varied 


bayou about four hundred feet wide, which is generally | a+ the crown, with slopes of four to one and three to one 
parallel to the river, but now and then finds its way to | 


ally, causing deep sloughs and cuts through which the | 
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The waters in the low grounds, sloughs and ponds rises 
and falls with the river. 

When the river is low, the whole district is dry, ex- 
cept in the deepest sloughs and in the Sny. As the riv- 
er rises, the water gradually shows itself coming up in 
the low places near the river and the Sny, keeping below 
the level of the river but rising as long as the river rises. 

In digging wells at any season of the year in any part 
of the district the water will be found near the level of 
the water in the river. When the river is nearly ready 
to overflow its banks and the current is rapid, there can 
be seen a perceptible flow in the ponds from south to 
north. 

The district lies in one of the most valuable and best 
farmed countries of the state, the market value of whose 
lands in the vicinity of the district is from seventy-five to 
one hundred dollars per acre. 

Across the river on the Missouri side are Hannibal, 
Louisiana and Clarksville. Three railroads pass through 
the district and two bridges connect it with Missouri. 
lhe value in the market of the land in the levee district 
before the levee was commenced varied from three to 
thirty dollars per acre, much the larger portion being 
near the smaller figure 

The valuable character of the land surrounding. and 
the expectation that the overflowed lands would increase 
rapidly in value with the levee completed, made it very 
important that great care should be taken in assessing the 
taxes which were to be levied upon the tract for 
the co. struction of the work. 

The plan for the construction of the embankment was 
made after a careful examination of the material along 
the line of the work, to ascertain the angle of repose of 
the slope, when wet and dry. The recorded history of 
similar works in this and other countries was searched 
with care. We put ourself in communication with ex- 
perienced hydraulic and levee engineers, and also made 


to pay 


| a personal examination of the levees and levee districts in 
Mississippi, Arkansas and Louisiana and conversed 'with 


engineers and others in the Secuth, who had gained ex- 
tensive practical experience in constructing and maintain- 
ing levees. 

The examination resulted in the adoption of the follow- 
ing general specifications, which have proved themselves 


| eminently fitted for levee work in this locality. 


| between the original surface and the new bank. 





The ground under the embankment to be cleared of all 
perishable matter, and the whole surface ploughed up in 
lines parallel to the center line of the levee, to give abond 
A ditch 
about three feet wide, and as deep, to be dug along the 


: } “fy fi ; , | centre-line of the levee to cut off any communication 
| line one hundred and fifty feet above its present high-wa- | there might be under the bank by means of decayed roots 
ter mark; flooded the whole country east to Indiana and | ,, logs : | 
north to the Great Lakes, or whether it was once a deeper, | 


All trees within falling distance of the crown to 
be cut down. All stumps to be grubbed one foot deep 
for a distance of 15 feet, measured from the outside slope 


to prevent any stumps protruding through the flat out- 
side slope—a neglect to do this having caused several cre- 
vasses in the South. The stumps elsewhere under the le- 
vee to be cut close to the ground. The material for the 
bank to be earth, free from grass, weeds, roots and all 
other perishable matter. Berms to be about fifteen feet 
wide outside and from ten to thirty feet wide inside. The 


| material to be taken from the outside, and berm banks 


left across the borrow pits every one hundred and fifty 
feet to prevent a current along the berm of the levee. The 
cross section of the bank to be a crown at least five feet 


according to material used and the height of the bank. 
Along the berm on the inside a seepage ditch is usually 


| excavated, which extends to some slough or other low 


ground, where the water may have a channel to the Sny. 
The average height of the levee is about seven feet and 
a half. The key levee which crosses the Sny at the head 
of the district is twenty-eight feet high, twelve feet wide 


with the river slope protected from the current by brush 
work and willow fascines thatched upon the slope. 

In the location of the levee line the highest ridges near 
the river were sought, but the cavings and makings of the 
river banks were carefully studied, and the principal on 
which they moved and the rate of progress noted with 
pains, that in no place the embankment might in many 
years be in danger of being undermined by the abrasion 
of the banks by the current. Straight lines were obtain- 
ed as far as was practicable, and, where a rectilinar align- 
ment could not be had, as easy curves were introduced 
as the ground would permit. 





Proposed Water Works at Taunton, Mass. 

The city of Taunton, Mass., is about to build Water 
Works and considerable preliminary legislation looking 
thereto has been effected, the grant having been made 
about a year ago and the issuing of $200,000 in bonds to 
commence the construction of the works authorized. 
The source of supply will probably be from either the 
Taunton river or Middleboro’ pond, the latter being the 
source of the river in the adjacent town of Middleboro’. 

Messrs P. I. Perrin and M. M. Rhodes, the new water 


| commissioners of Taunton, were in this city last week 


on a tour of inspection, and held a conference with Engi- 
neer Chesbrough. It is probable that the new works 
will be built upon the direct pumping system and will be 


| commenced within the next sixty days. 
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Newton's Hydraulic Dredge. 
We are able to present to our readers, and specially to | 
engineers, a general description of this novel and pow- 
erful dredge, which has just been completed and practi- | 
cally tested in this city at the yard of Mr. O. B. Green on 


the north branch of the Chicago River. 


For the very important result that seems to have been 
attained, we are indebted to the professional skill and in- | 
ventive genius of Mr. Wm. H. Newton, a civil engineer 
of much experience, whose efforts have been aided by the 


practical knowledge of Mr. Green, who is well known as 
a contractor for dredging and general public works. 


This dredge appears to solve the problem so long de- 
sired, of an efficient and cheap mode of dredging that 
must prove of great value ; combining as it does, strength 
simplicity, efficiency and economy of operation and re- 





pairs, with capacity to raise and convey by one operation 

far in excess of the most costly dredgees now in use. 
The present dredge has been constructed by these gen- 

tlemen after a season's experience in the working of an 


experimental dredge to guide them, and the result may 
be accepted as an accomplished fact of great interest to 
engineers. 

The hull is a model of strength, seaworthiness and du- | 
rability, as it is intended to be towed through the lakes, 
The machinery was constructed at the Vulcan Tron 
Works by Supt. Thomas Burgess, and is massive and 


symmetrical. The proportions of the various parts show 


that the inventor comprehended the requirements for such 
service as this dredge is intended. 

The principle involved is the combined action of two 
or more hydraulic currents, to excavate and dredge sim- 
ultaneously, excavating by jets of water discharging un- 
der high pressure (produced by force pumps) through 
nozzles against and underneath the face of the material or 
deposit to be removed. This jet discharge is used ex- 
clusively to excavate and float the material; undermin- 
ingit, byexcavating and disintegrating the mass through | 
the impact offthe discharging jets directly with the depos- 


it; floating and temporarily suspending the excavated 





material in the surrounding volume of water, by the re- 
action of the currents produced by the discharging jets, 
and simultaneously drawing into the open mouth of a 
supply pipe to two vacuum cylinders alternately by at- 


terial, elevating it to the required height above the sur- 
face of the water to give it the required velocity to dis- 
charge it through pipes at any desired height or distance, 


| 
mospheric pressure, the whole volume of suspended ma- | 
by gravity or steam pressure. | 


The jet discharged has 
a rotary motion around its own axis, to give increased 
efficiency to its floating power in immediate presence of 
the open mouth piece of the supply or dredging pipe. | 
Simultaneously a transverse longitudinal and circular | 
movement is imparted to the dredge to secure action of | 
the two currents to excavate and elevate without inter- 
taission from the face and bottom of the material to be | 
removed. ‘The mouth piece of the dredge pipe and the 
jets are connected and reversable, thereby presenting 
them in combined action against the face or bottom to 
undermine, thus securing the uniform action of the exca- 


vating jets in advance of the mouth of the supply pipe. 
The velocity of the excavating jets discharge, will depend 
upon the character of the material to be excavated, as it 
is entirely practicable up to 250 feet per second. The 
minimum velocity of the volume through the dredge 
pipe will be 32 feet per second. 


Che employment of the almost unlimited power of hy- 
draulic currents and atmospheric pressure in combina- 
tion for the purpose of dredging will be recognised and 
appreciated, as of great practical utility by all who have 
given the subject attention. 

Che large openings to the vacuum cylinders both for 
supply and discharge, readily pass masses of rock and 
other material up to 18 inches diameter and by the appli- 
cation of the dredge pipe large boulders may be sunk be- 
low the required depth of channel without additional cost. 

The estimated amount that ,can be dredged by this 
new dredge, as stated by Mr. Newton, and based upon 
what was done by the experimental dredge, in any ma- 
terial disintegrable by the present jets discharge is 500 
cubic yards of measured material each working hour; at 
an expense for fuel sufficient to evaporate 88 cubic feet of 
water per hour and the labor of four men in working the | 
dredge. 

The economy of this process and machinery will be 
appreciated, not only in the volume of work performed | 
within a given time and its relative cost as compared with | 
any other mode yet in use, but also in the original outlay 
for construction, (which will not exceed $10,000) the little | 
liability to serious injury by use and a minimum expense | 
for repairs. 








ENGINEERING NEWS. 


Proposals for Contracts. 
BRIDGES. 
BWNotice is hereby given that the Commissioners of Grant Coun- 


ty, State of Indiana, will, on Friday, the sth day of May, 1376 let 
the contract for the building of a bridge across the Mississinewa 


| River at the point known as “Sutton’s Ford.” Plans and speci- 


fications on file in my office. By order of Board. Jos, W. Stout, 
Auditor Grant Co. Marion, UI. 


Proposals will be received by the Board of Commissioners of 
Monroe County, Indiana, at the Auditor's office, at Bloomington, 


j until 1 o’clock, Wednesday, April 26th, for the building of stone 


abutments for bridge, and iron fence around the court-house 
square. Plans and specifications can be seen at the Auditor's of- 
fice. Cash payments. James F. Manley, Auditor Monroe Coun- 
ty. 
Commissioners’ Office, ‘ 
Cincinnati, Hamilton Co. O. 4 
Sealed proposals will he received at this office until Saturday, 
April 2gth 1876, at 12 o'clock M., for repairing the Superstructure 
of the California Bridge over the Little Miami River, on the Cal- 
iforma and New Richmond Turnpike, between Spencer and An- 
derson townships. Specifications can be seen at this office. Jos. 
B. Humphreys, Audiior. 


The Supervisors of the town of Milton will receive proposals 
until Frid iy, April 28, at 12 o’clock M., for building a a in 
Road District No. 2, near J. E. Elias’ mill, on the road from Ros- 
coe to Mantorville. ‘The materials, with the exception of the iron 
will be furnished on the ground. The mason and carpenters’ 
work will be let separate or together. The specifications may be 
seen at the town clerk’s office. J. Cramond, Zown Clerk. 


Proposals will be received at the County Clerk’s Office, in the 
city of Galena, Ill. on Friday, the 28th day of April, for the 
building of a stone bridge near the village of Hanover. Plans 
and specifications can be seen at the County Clerk’s Office in the 
city of Galena and at the post office in the village of Hanover. 
William Howarth, Henry Chapman County Bridge Commission- 
ers. John L. Phillips, C. N. Hammond, Commissioners for the 
Town of Hanover. 


Conmunissioners’ Office, t 
Cincinnati, Hamilton Co, O. { 
Proposals will be received at this office until Saturday, April 
29th, 1876, at 12 o’clock M., for masonry for a bridge across Dry 
Fork of Whitewater on the new county road leading from New 
Haven to Venice in Crosby township. Specifications con be seen 
at this office. Also for a Superstructure at the same place, wood 
or iron, 140 feet clear span and 18 feet clear roadway. Also, for 
taking down, removing and rebuilding Superstructure on new 
abutments. Payments will be made in Hamilton County Bonds 
bearing interest at 7 per cent. Joseph B. Humphrey, Auditor. 


Proposals will be received at the office of the Board of Select- 
men, Room No. 2, City Hall, New Haven, Conn., until 7% 
o’clock Thursday evening, May 4th, 1876, for furnishing the ma- 
terial and constructing an Iron Bridge of one span—100 fect he- 


| tween centers—4o feet roadway in the clear, with a sidewalk on 
| one side 6 feet in the clear, over West river, at the ee av- 


enue crossing. For the purpose of inviting proposals from iron 
manufactures and others who have no plans of their own, plans 
have been prepared for a standard bridge. Bridge companies 
and contractors may bid on the enginer’s plan, or on plans of 
their own of equal strength and stiffness. Blank forms of pro- 
posals, with the necessary bond attached, and any information 
concerning plans, specifications, etc., will be turnished upon 
application. No proposals will be received after the time spec- 
ified, and all proposals that arn not properly filled out will be 
rejected, The right to reject any or alt bids will be reserved. 
Samuel Johnson, Secretary of Committee of Selectmen of New 
Haven and Orange. 


City Commissioners’ Office, ¢ 

Baltimore, March 30, 18765. § 
Proposals, plans and specifications will be received at this of- 
fice until Thursday, 27th April, at 12 M., for furnishing the ma- 
terials, for and construction of an iron trussed bridge over Jones 
Falls on the line of John Street. The bridge to be composed of 
of 4 trusses. The outside lines to be 8 feet from center of truss 
to the line of sidewalk; the intermediate lines to be 16 feet, 8 in- 
ches from center to center. The horizontal bracing to consist of 
cross struts and diagonal rods, at top and bottom cords, Length 


| between masonry, 136 feet ; depth of truss, 18 fect ; width of 


roadway, 40 feet; width of sidewalks (each) 13 feet; whole width 
of bridge from out to out, 66 feet. For full particulars see Balti- 
more Gazette, April ist. N. B.—Ordinance 43, of March 1575, 
provides “that it shall be inserted in the contract and to be part 
thereof, to be secured by the bond given, that the contractor shall 
have the work for said bridges done at the city of Baltimore, by 
mechanics and workmen who are citizens of Baltimore city, and 
the work to be done, and all the materials that can be furnishad 
by Baitimore contractors.” John E, Toole, Clerk to City Com- 
missioners. 


BUILDINGS. 


Proposals will be received by me for the building of a School 
House, in York Township, Tama County, Iowa, until Monday, 
May. The specifications can be seen at my office one half mile 
west of Redman. Amos Rogers, Irving, Iowa, Secretary of 
School District. 


Proposals for the erection of a Brick School House in the Inde- 
pendent School District of Hastings, Mills County, Iowa, will be 
received by the undersigned at his residence in the said district, 


| where plans and specifications may be seen until 2 o’clock in the 


afternoon of May 13th, 1876. A. P. Provost, Secretary Board of 


| Directors, Hastings, Iowa. 


The building ofa brick school house 44 x 26 feet, two stories 
high, in the village of New Boston, Michigan, will be let to the 
lowest responsible bidder, May 1st, 1876, at 1 o’clock p.m. Plans 
and specifications at Chester Maes’, New Boston, Chester Maes, 
Samuel Scott, Wm. Hubner, Building Committee 


Proposals for the erection of a School House in the Indepen- 
dent District of Flint River ‘Township, County of Des Moines, 
State of Iowa, will be received by the undersigned, at his office, 
in said school district, until the 29th day of April, at 1 o’clock P. 
M. John H. Sudbrack, Secretary of the Board of Directors. 


Proposals will be received by the undersigned, Trustee of 
Green township, Morgan County, Ind., until the 1st day of May 
for the purpose of erecting a Brick School House in said town- 
ship, according to specifications now in his posession. Terms of 
payments made known on application. W.C. Cain, Martinsville 
Trustee of Green Township. 


Proposals will be received until the rst of May by the Secre- 
tary of Laurel Hill Independent School District, Greenfield town- 
ship, (P. O. address Martelle,) for building and completing a 
school house in said district. Plans and specifications can be 
seen at the Eureka office, Anamosa, Iowa, and at Dr. Belden’s 
store, Martelle. S.C, Kemp, Secretary. 

Martelle, March 29, 1876. 


Proposals will be received at the German Lutheran parsonage, 
No. 213 High street, Akron, Ohio, until 12 m., May Sth, 1876, 
for furnishing material and constructing a church edifice, com- 
plete in all respects in accordance with the plans and specifica- 
tions. Plans and specifications may seen and instructions 
oe at the office of Mr. Frank Lukesh, in Cramer & May’s 

lock, on and after April 17th, 1 W.H n, G. Haas, 
F. Manthey, Trustees of German Lutheran Church. 





| 
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Pro is will be received until first Monday in May, 1876, b, 
School Board at Ogallala, Keith County, Nebraska, for buildin; 
a School House at Ogallala. Plans and specifications can },. 
seen at Ogallala or sent to bidders by application to L. Aufde: 
garten, Ogallala. L. Aufdengarten, C Saivavae. 


Proposals for the erection of a Court House for Harrison count, 
Iowa, accompanied by plans and specifications of same wil! {x 
received by the Board of Supervisors, at the office of the under 
signed, in Logan, Iowa, until 12 o'clock, M., of April 27th, 1876 
No plans and specifications will be received which are not ax 
companied with a bid to erect the same. For particulars in re 
gard to estimate, completion and acceptance inquire of the un 
dersigned. W.H. Eaton, Auditor. 


Proposals will be received by the Trustees of the State Charit 
able Institutions at the Blind Asylum in Wyandotte, Kansas, un 
tii Friday, April 28th, 1876, at 10 o’clock, P. M., for furnishing 
the material and constructing a two story brick building with 
stone basement, about 20 x 40 feet, with tin roof, also including 
plumbing and excavation, Proposals will be received for doing 
any portion of the said building, by separate contract. The plans 
and specifications will be shown at the Blind Asylum, by $ upt. 
Miller, on and after April 17th, 1876. By order Board Trustees, 
T. T. Taylor, Presdent, W. B. Slosson, Secretary. 


The Board of Education of Ottawa will receive sealed propo- 
sals for the rebuilding of the Third Ward School House of Otta 
wa, until the 25th day of April, at 7% o’clock P. M. of said day 

Reasonable bonds will be required for the performance of the 
contract. Proposals to be handed to the said Board of Education 
by the bidder in person at the above stated date and hour, at the 
City Hall, Ottawa. Plans and specifications can be seen at the 
office of H. C. Furness, Architect, after the 18th of the month. 
By order of the Board. O. O. Wakefield, Theo. Horn, Joseph 
Megaftin, Building Committee. 


Proposals will be received at Pontiac, Hls., by the Board otf 
Trustees of the Illinois State Reform School up to 4 o’clock Pp, m. 
of Thursday, May 14, 1876, for the erection of one family build 
ing, to accommodate fifty boys, in accordance with the plans 
and specifications to be seen at the bank of Joseph F. Culver & 
Co., Pontiac, Ills. Bids must be accompanied by a bond of $500 
binding the successful bidder to enter into a contract, with a 
bond of $16,000, for the proper completion of the building accord 
ing to the plans and specifications. O. Huse, Solon Kendall, Jos. 
F. Culver, Trustees. 

Bids will be received at Troy by Wm. A. Woodson, clerk of the 
County Court of Lincoln County, Missouri, for building a Jail, 
according to plans and specifications on file in his office, unti! 
and including May 8th, 1876, Each bidder to present at said 
time or before, a certified check, payable to the order of C. W. 
Martin, presiding justice of said court, in the sum of $100; all 
checks to be returned except that of the successful bidder, and 
his check to be also returned if he enters into bond within fifteen 
days, with approved security, in the sum of $15,000 for the faith 
ful execution of the contract, according to said plans and specifi 
cations; otherwise to be forfeited. The contract is to be award 
ed to the lowest and best bidder, the court reserving the right to 
reject any and all bids, 


Proposals for the erection of a School House in Sub-District 
No. 2, and one School House in Sub-District No. 6, in the town 
ship of Cedar, in the county of Mitchell, and state of Iowa, will 
be received by James Temple in Sub-District No. 2, and Ole O. 
Haugerud in Sub-District No. 6, until 1 o’clock Pp, M. on Saturday 
the 6th day of May. Plansand specifications will be seen at Jas. 
Temple’s and Ole O. Haugerud at Osage, Iowa. By order of the 
Board of Directors. 


The State House Commissioners will receive proposals 
until noon of May 4th, 1876, to furnish in place, complete, 
the metallic cornices, caps and covering of the upper dome, in 
cluding the lantern, and the ornamentation of the Mansard roof, 
turrets and dome. Separate bids will be received : first, for the 
roofing and cornice work; second, for the ornamentation. The 
plans and specifications of said work may be seen, and printed 
specifications will be furnished, on application at the office of A. 
HL Piquenard, Acting Architect, in the new State House. Jacob 
Bunn, John T. Stuart, Jas. H. Beveridge, Commissioners, 

Springfield, Ill., April 3d 1876. 


Tenders are invited for the building of a Court House in the 
City of Peoria, for the county of Peoria. Plans and specifica 
tions are on file in the office of the County Clerk at Peoria. Pro- 
posals must be submitted at or before 2 o’clock in the afternoon 
of Thursday, 27th day of April, and must be enclosed within 
the printed specifications, in an envelope sealed and directed to 
Jno. A. McCoy, Chairman of the Board of Supervisors, Peoria, 
Illinois, and marked “ Proposals for Building Peoria County 
Court House” with the name of the bidder on the envelope. 
Plans and specifications may also be seen at the office of Wilcox 
& Miller Architects of the building, 112 and 114 Randolph Street 
Chicago. The bids will be opened before the Board of Supervis- 
ors on Thursday, April 27th, at 2 o’clock Pp. M., to which bidders 
are invited. The Board of Supervisors reserve the nght to reject 
any or all proposals. Jno. A. McCoy, Chairman Building Com- 


mittee. 
MISCELLANEOUS. 


Plans and specifications for building a break-water or sea wall! 
on the East end and*South side of city of Galveston, Texas, are 
invited. The sum of $250 will be given for the plans and speci- 
fications adopted by the committee to be hereafter appointed on 
break-water. Plans will be received at the Mayor’s office in 
Galveston, until thé 1st day of May proximo, at 12 o’clock M. 
Wm. Boyd, P. H. Hennessy, Geo. Schneider, Special Commit- 
tee. 


Office Cincinnati, Batavia and Williamsburg Railroad Co. } 
Batavia, Ohio, April roth, 1976. { 
Proposals will be received at the office of this company until 
10 o’clock A. M., April 24, = for the ques of that tion ot 
the road between Williamsburg and the crossing of the Little 
Miami river, and also for the cross-ties necessary for that part of 
the road. Profiles and specifications may be seen at this office. 
The company reserves the right to reject any or all bids. For 
detailed information address G, H. Wilbor, Superintendent of 
Construction, Batavia, O. S. Woodward, President. 


Sealed proposals, marked ‘‘Tender for Grading, etc.,” Ten- 
der for Fencing,” ‘Tenders for Ties,” and addressed to the un- 
dersigned, for sections 1, 2, 3, 4, 5,6, 7,8, and 9, Hamilton to 
Georgetown, (separate tenders for each section) will be received 
at the Company’s Offices, No. 33 Main Street, Hamilton, Ontar- 
io, up to Thursday, the 27th April, 1876, at noon. ‘Tenders for 
grading, etc., to include all clearing, grubbing, close cutting and 
supplying timber for building culverts, and cattle guards. Plans 
and specifications can been seen, and forms of tenders obtained, 
at the Company’s offices, on and after Monday, the 17th April. 
The lowest of any tender not necessarily accepted. On behalf of 


‘the Railway Construction Company. Maitland Young, Secre- 


tary. 

Proposals will be received at the office of the City Clerk of Co- 
lumbus, Ohio, until Saturday, April 29th, at 12 o’clock, noon, for 
laying an Asphalt pavement on North High street, from, Nagh- 
ten street to the north corporation linc, in acordance with plans 
and specifications on file in the City Engincer’s office, in Colum- 
bus. Said pavement will contain 50,0vo yards, more or less, and 
shall be bid for by the square yard. Afso, for furnishing and 


setting curb on North = street. Curb to be not less than five 
inches thick, eighteen inches deep and three feet in Mugth, dress- 


ed on top, face and sides, joints to be dressed eight inches deep. 
Curb to be either oe Amherst or Sunbury stone. Bidders 
must specify the kind of stone they propose to furnish. H. M. 
Neil, tary. 
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The City Council of the city of Peoria, Ills. invite bids, to be 
accompanied with plans and specifications, for the erection of a 
filter bed at the water works. Bidders will state the plan of fil 
tration proposed, the size and shape of bed, and nature of mate- 
rials they propose to use. Bids to be left with the city clerk on 
or before May 24, 1876. Chas. Hi. Kellogg, Thos. J. Kelly, John 
P. Cress, Water Works Committee. 


lowa State Agricultural College, 
Ames, Iowa, April 6th. { 
Proposals for putting in steam heating apparatus in the Col 

iege Building—said proposals to include all iabor and material 
connected with the putting in of said apparatus except the engine 
house—will be received by the Secretary of the Board of Trus 
tees on or prior to May tst. All bidders are required to furnish 
plans and specifications to accompany each bid. LE. W. Stanton, 
Secretary. 


Proposals will be received at the office of the City Clerk, in 
Columbus, Ohio, until Monday, May 15, 1876,at 12 o'clock noon, 
for fornishing materials and doing the following work, to-wit: 
For building an cighteen ineh pipe sewer in Myrtle alley from 
Broad street to Almond alley. For grading and yraveling 
Fifth avenue; from Summit street to the east a line. 
For grading and bouldering Spring street, from High street to 
Front street; with Ohio river or bank boulders, For contracting 
a brick sewer in Town street. from Fair alley to the Scioto river, 
of the following dimensions: Two teet from Fair alley to Front 
street, and two anda half feet from Front sireet to the river. 
Josiah Kinnear, City Civil Engineer. 


Tenders are invited by the Grand Trunk Railway for the pur- 
chase of Old Iron Rails, delivered as follows: About 7,000 tons 
at Toronto, Sarnia, Detroit Junction, or Buffalo. About 1,000 tons 
at Montreal, or Point Levi,(opposite Quebec), About 3,000 tons 
at Portland. The company has wharfage accommodation for 
shipment by water at Poronto, Sarnia, and Portland, and deliv- 
eries would be made commencing with May, and extending 
through the summer. Offers stating the price per ton (of 2,240 
Ibs.), and the place of delivery, will be received by the under- 
signed at Montreal, Canada, up to the isth of May. Joseph 
Hickson, General Manager. 


Notice 1s hereby given that $12,800, to be paid in State Swamp 
Lands of the Lower Peninsula, have been appropriated by the 
Board of Control, to be used in improving the Inland Waters of 
Antrim and Kalkaska Counties, by Dredging and other means. 
The job for making said improvements will be let to the lowest 
bidder or bidders, on Monday, May rst, 1876, at the Harsha 
House in Elk Rapids, Michigan, at 1 o’clock P.M. Scaled pro- 
posals for doing said work will be received by the undersigned 
until 12 o’clock noon of said day. Payment for said work will be 
made in State swamp lands, according to law. Specifications 
and plans will be exhibited by the undersigned at his resi- 
dence in Elk Rapids, Mich. Bids must be for the whole work, 
as shown by the plans, and give the bidder's proposed sureties. 
lhe right to reject any and all bids deemed inconsistent with the 
interests of the State is hereby reserved by the Commissioner. 
Geo. E. Steele, Local Commissioner. 


Proposals will be received at the office of the Board of Improve 
ments, Cleveland, O., until 12 o’clock M., May 15th, for the nec- 
essary dredging and other labor in removing bars 2nd obstruc- 
tion, in the Cuyahoga River, between the Government Pier and 
Upper Central Way Bridge. Plans and specifications may be 
seen and blank proposals can be obtained at the office of the City 
Civil Engineer after May tst. Each proposal must contain the 
full name of each person in and making the bid. No proposal 
will be entertained unless made on the blanks furnished be the 
engineer,and no proposal will be accepted unless the party or 
parties making the same shall furnish evidence satisfactory to 
the Board, that they have the necessary machinery, experience, 
energy and ability for doing the work, is trustworthy, has suffi- 
cient pecuniary resources and is prepared to commence the work 
within five days after the contract is approved by the council. A 
bond of $2,000, with surety to be approved by the Board must ac- 
company each proposal that in case the proposal is accepted a 
contract will be entered into within eight days after the award is 
made. The right is reserved on the part of the Board, to reject 
any or all proposals not in accordance with the conditions of this 
advertisement or that do not conform with the specifications fur- 
nished by the engineer. B. F. Morse, City Civil Engineer. 


Sealed oes for water pipes and special castings, indorsed | 


“Proposals for Cast Iron Water Pipes,” will be received by th: 
Common Council of the city of Fort Wayne, at the office of city 
civil engineer, until the 25th day of April, 1876. The person or 
persons to whom the contract may be awarded, will be required 
to execute the contract within six days from the date of the 
award, and give satisfactory security to the common council. 
The prices must be written in the bid, and also stated in figures. 
Permission will not be given for the withdrawal of any bid or 
proposal. Bidders are required to state in their proposals their 
names and places of residence. Each proposal will be accom- 
panied by th : understanding in writing, of two responsible per- 
sons, with their respective places of business, or residence, to 
the effect that if the contract be awarded to the person or persons 
making the bid, they will, on its being so awarded, become bound 
as sureties for its faithful performance; and that if he or they 
shall omit or refuse to execute the same, they will pay to the city 
of Fort Wayne any damage that may be occasioned to said city 
by such failure. Bidders will state prices in their proposals, for 
each separate stem of the pipes and castings to be delivered, by 
which the bids will he tested. These prices are to cover all the 
expenses of manufacturing and delivering on the cars in the city 
of Fort Wayne. An estimate of the work to be done, and by 
which the bids shall be canvassed, is as follows: 


Pounds. 
4800 feat OF aq-inchs pipe. .........0 2.22. ccccccecccnss 1,200,000 
STE ENO 5. 5 5 5 ind ioc cc niccsedceccccess 626,620 
SUD GUE ONE BOUIN MID no 5 occciee: ccc ecccccveevicese 165,616 
21,750 feet of 8S-inch PIPE... 0.6.0. see e eres eee eeeeeeeees 1,087,500 
76,660 feet of 6-inch PEPE... ..eeeeeees diane che ncdamin 2,583,100 
SPP TIER EE GEN QIN i's woo. 5 cece cece cenncevecceten 63,000 
113,720 5,825,836 


These quantities are considered approximate, and the council 
expressly reserves the right of decreasing the amount such per- 
centage as may be deemed necessary for the benefit of Port 
Wayne, and to increase the same such an amount, as in their 
opinion may be necessary, not exceeding 20 per cent. The coun- 
cil reserves the right to reject any or all bids, should they deem 
it for the interest of the city of Fort Wayne to doso. John Ryall, 
City Civil Engineer, 


0. B. GREEN, Pres. THOS. BURGESS, Supt. 
C. H. ATKINS, Sec. and Treas. 


VULCAN IRON WORKS CO. 


80 to 94 N. Ciinton Street, Chicago, Ili. 
BUILD 


Steam Dredges, Steam Shovels, 
STEAM PILE DRIVERS, 


. 
Steam Engines of all kinds. 
Also Mill Gearing, Shafting, Pulleys, Hangers, and General 
Machinery. Make castings of best iron on 
short notiee. 


Jobbing Work Done Promptly. 
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J. W. ATKINSON, 


Slate and Tin Roofing, 


GALVANIZED IRON CORNICE, 


Elevator Buckets, Furnaces, Ranges, 


Registers and Ventilators, 
And all kinds of Jobbing in Sheet Metal. 


313 to 321 So. Clinton St., 
NEAR HARRISON STREET, CHICACO. 


A. KNISELY & CO., 


Slate, Tin and Corrugated Iron 


WKPOORFE FS. 


Manutacturers of 


Calvanized tron Cornices, 
Hayes’ Patent Sky-Lights, Elevator Buckets, etc. 
72 and 74 West Monroe St., Chicago. 


HOLLY’S 
IMPROVED WATER WORKS. 


Direct Pumping Plan, 


DISPENSES WITH RESERVOIRS, 


And saves their extravagant cost. Secures by filtration better 
quality of water than the reservoir settling process 
and by variable pressure a more reliable 
supply. Combines also the 


Best Fire Protection 


IN 


»s 


THE WORLD 


} 


Without the use of FIRE ENGINES, and saves their origi- | 
nal and annual cost, largely diminishes taxation for fire depart- | 


ment expenses, relieves communities of a larve per cent paid for 


INSURANCE, 


AND GIVES 


Real Protection to Property. 


Water Works on this plan have, within the last few vears, been 
put in successful operation in nearly seventy 
cities and villages in the United States. 


For information by Descriptive Pamphlet, or otherwise, address 


Holly Manufacturing Co., 
LOCKPORT, N.Y. 


J. P. TAYLOR & CO., 


Manufacturers and dealers in 


CRESTINGS, IRON FENCE. 


Copper Weather Vanes, 
STABLE FIxTUREs, 
And all kinds of 






Ornamental Iron Work 


253 LAKE STREET, CHICAGO, ILL, 


Orders by Mail or otherwise promptly attended to. 


Jail lron Work 
"Ayyeioeds y 








Nn 


21 N. Clinton street, CHICAGO 


H. H. SCOVILLE, Proprietor. 


MANUFACTURES 


STEAM ENGINES, 


Gang Saws and Rubbing Beds, 
Pile Drivers and Hoisting Engines, 
Stamp Mills and Mining Machinery, 
Overhead Travelers and Heavy Derricks, 


Stationary Engines, Shafting, Pulleys, etc. 


Cast Iron Gas and Water Pipe, 
VALVES, HYDRANTS, &c. 


Large or small orders promptly filled at lowest rates. 


T. B. FARRINCTON, 
Manufacturers’ Agent, 

Also Contractor ‘or the construction of Water Works and 

Gas Works complete, or for furnishing and laying pipe, hy- 


drants, valves, &c. 


101 Washington Street, Chicago. 


AND SIDEWALK rs 
Floor and Roof Lights. 
d [ BROWN BROTHERS Lights, 
- Manutacturing Co, 


orthwest corner Clinton and Jackson stre_ ts, Chicago. 


VV ANTED: A copy of the 


LONDON BUILDING NEWS FOR 1874. 


Address, giving terms, W. J., 


NEws. 
SCIENTIFIC PAPER, Fifty 


The Cheapest and Best cents per vear. A copy tree 


FRAGMENTS OF SCIENCE, Springfield, Vermont. 


UNIVERSITY OF MICHIGAN. 


SCHOOL OF MINES. 


By the organization of this school and the establishment of three 
new professorships (MINING, METALLURGY, AND ARCHITEC- 
TURE), the University now offers greater advantages than ever 


care of the Editor ENGINKERING 


before to students wishing to pursue complete courses in Civil 





and Mining Engineering, Chemistry, Metallurgy and Architec 
ture. Term opens September 27, 1876. For circular, address H. 
D. BENNETT, Steward, Ann Arbor, Mich, 





HELLER & BRIGHTLY, Engineering and Surveying In- 


Ri, 


struments, 33 N. Seventh St., Philadelphia. gave MA 
** Ko- 


we have reduced the weight one- 


Without decreasing size of any part of our 
gineers’ Transit 





half. An ordinary Transit Telescope maguities from 
10 to 12 diameters, our new Transit Telescope (length 
104 i s, shows objects erect and not inverted) 


magnifies 24 diameters aod wil! read time on a watch- 
dial at 983 feet. For description of our pew Mining 
Transit (weight 5'4 Ibs.) and Plummet Lamp, see Van 
Nostrand’s Faginecring Magazine, June, 1*T3. 
Extract from report of Committee of Civ. Engs. ap- 
pointed by Franklin Inst. toexamine H. & B.'s new 
Transit (Dec. IST): “ {t exhibits several novelties 
of construction which, in the opinion of the commit- 
tee, render it superior to those now in use, and in its 
opinion the deviations which they have made from the 
common styles of Transit are decided improvements.” %e, 


Jous C. Trautwins, Chairman. uune we 
Descriptive and Illustrated Price List sent Post-paid, on Application. 


PATENTS. 


Subscribe for the Western Scientific Journal. It contains all 
steps necessary to obtain letters patent, decisions of courts on 
patents, and much scientific reading. Only cents per year in 
advance. Address 





=e 
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WILSON & MORRIS, 


Peoria, [t, 


JAS. R. WILLETT, 
RRCHI Tec ,T, 


85 DEARBORN STREET, CHICACO 
ROOM 22. 





Webster’s Dictionary 


10,000 Words and Meanings not iu other Dictionaries. 
3000 Engravings; 1840 Pages Quarto. Price $12. 
FOUR PACES COLORED PLATES. 

“ THE BEST PRACTICAL ENGLISH DICTION- 
ARY EXTANT.”—London Quarterly Review, 
Oct., 1873. 

The sales of Webster’s Dictionaries throughout 


the owe are 20 times as large as the sales of 
any other Dictionaries. We will send proof of this 


on application. : as s 

One family of children having WEBSTER’S 
UNABRIDGED, and using it freely, and another 
not having it, the first will ome much the most 
intelligent men and women. Ask your child’s 
teacher or your minister if it is not so, then buy the 
book and urge your children to use it freely. Pub- 
lished by 


C.&4C.MERRIAM,Springfield,Mass. 


QIM4HHDMS 
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D. A. Courter, President. A. T. Bates, Secretary. 
MANUFACTURE 


A. B. Stone, 20 Nassau st.,N. Y., Pres. | Edward Hemberle, 
i. A. Rust, Vice Pres. d Gen. Man. | | W. G. Coolidge, Sec’y. | Engineers. 


Manufacturers and Builders of , IRON BRIDGES AND IRON ROOF FRAMES, 


BRIDGES, ROOFS, 


venctuntvleanshaiaeleaa Fle ad a on Corrugated Iron, Iron Roofing, and 
urning-Tables, Pivo ridges, Iron Trestles, roug ron Columns, 
Heavy Castings, General Iron and Foundry Work. Munson’s Patent Fire Proof Doors and Shutters, 
BULLDERS OF No. 215 and 217 Lake St., Chicago, Ill. 


PNEUMATIC, MASONRY, AND SCREW-PILE | js | | se 
SUBSTRUCTURES. LIST OF BOOKS FOR SALE 


Iron Bridges and Roofs upon the principal Railroads in the United States illustrate designs and 
attest the character and extent of oe of Works. 


s . 
§8"Proposals accompanied by Plans, Specifications and Lithographs, promptly submitted upon FE Nn eI Nn eC eC ‘a Nn a N CWS 
application, a 


WORKS: Cor Egan and StewartAves. OFFICE: 21OLaSalle St, cor Adams. 


AT THE OFFICE OF 
































Address, THE A MERICAN BRIDGE xe Chicago. - DAVIDSON. Drawing for Cabinet Makers. With 
a SS ae Linear Drawing and Practical Ge- Lessons in Oruamental and Ob- 
For Sale. | Pavements. | ometry. By Elias A Davidson, | ject Drawing ; Elementary In. 

Ci ers - . —_——. Lecturer on Engineering and Ar- struction in Water Colored Draw- 
Surveyor’s Transit—nearly new English make D. D. McBean, | chitectural Drawing in the city of | ing, containing twenty-nine plates 
very cheap.—Enquire at Engineering News Of Room 4, 79 Dearborn street, Chicago, Ill. london Middle Class Schools. CU Ses cba ba Cas ees ssss.;. I <0 

: sa : ee En With about 150 illustrations, and Drawing for Metal-Plate Workers. ~ 
= en James GC. McBean, : : : sa ‘a 
jen shea’ Windia Six whole page Diagrams of work- Containing Practical Geometry 
B. -KRATZENSTEIN, 3 77 Clank ateent, Te ing Drawings. Fourteenth 7 hou- and projection, specially adapted 
| & g J pecially I 
Sensebtek te @ ewate & Ce J. B Smith, sand, 128 pp. extra fcap. 8vo. to this branch of industry ; the 
; sek Kone e | 151 Randolph street, Chicago. Ill. Cloth limp... ...e.ccccccscvcees I 00 | penetration of solids and the de- 
| Orthographic and Isometrical Pro- velopement of surfaces; ele te 
MATHEMATICAL INSTRUMENT Asphalt Paving. jection wre of the Projection of | ary Samer in freehand and ities 
— - ~———= Plans, Elevations and Sections of drawing, &c. With six double 
M A K on R oe J. L. Fulton & Co., Solids, and the]Development of | and twenty-six single pages of il- 
tintin nee = 174 LaSalle street, Chicago. Surfaces, &c. ith about Forty iustrations. Cloth............ I 50 
surveyors’ an a no nts made to whole page Diagrams. Tenth CHURCH. = 
paper eke. tem Sewer Pipe Manuf’s. Thousand. 128 pp. extra feap. Color. By A.M. Church, M. A. of 
157 State Street, Chicago, Ill. 8vo. Cloth limp.... ....++-.. I 0O Lincoln College, Oxford, Profes- 
senile snudbaihiadiieiats ee McBean & ¢ Co., Linear Drawing and Projection. The sos of Chemistry in the Royal 

re ro ite eh : — ene Two Volumns in One. Cloth let- College of Science, Cirencester. 

Ls a. 
; . ay iene MEET CCL Le eE RESET Tre 175 With six colored plates and nu- 
Contractors Directory. Bridges. Building Construction the Elements merous diagrams. Cloth......, I 2 
oe "The American Brid — of, and Architectural Drawing, BALL. 
; Public Works Sa ae a 130 Illustrations. 128 pp. extra Applied Mechanics. By Robert Sto- 
, as ae ee fcap. 8vo. Cloth limp... --I 00 well Ball, M. A., LL. D§, Profes- 
The American Bridge Co. Eureka Bridge & lron Co. Drawings for Carpenters and Join- sor of Applied Mathematics and 
es - hipesitiieins. 215 and 217 Lake street,,Chicago. ers. Containing a Description of Mechanics in the Royal College 
. =a nie en the Construction of each Subject, of Science, Dublin. Illustrated 
‘Source ee S re SE en and the Msthod of Drawing it. by numerous diagrams, and 140 
4 South Clark Street, Chicago, eS eee a With elementary Lessons in free- questions for examination. Cloth.1 00 
“i * jec ing. DRESSER. 
O. B. Green, Railways hand and Object Drawing 250 ] oe 
178 South Water street, Chicago. xe — eere2 illustrations and Drawing Copies. Decorative Design, Principles of. 
ne Extra fcap. 8vo. Cloth......... I 75 By Christopher Dresser, Ph. D. 
FitzSimons & Connell, 8 wa salle Street, Chieage Ul. Practical Prespective. Containing A comprehensive work on the 
100 Washington Street, Chicago, IL. : we vere ae Perspective Projection of Simple the principles of design as applied 
Wm. 8. Howard ae ~ Mowry B. Cole, Points, Lines; Planes, and Rect- to the various arts and manufac- 
a Metropolit ae ee ioe Norwich City, Conn. angular Solids; Polygons, Prisms, tures. Illustrated with two color- 
: ; : etal aes ee ee Pyramids; Circles, Cylinders, and ed plates and numerous designs 
J. E. Milier & Co. NICKEL & STRASSBERGER, Arches, &c. With Thirty-six and diagrams. Extra crown 4to 
34 South Clark Street, Chicago, Il, double page illustrations. Extra CUE Ginn s vs socks pba wa es 3°75 
: ENGINEERING AND SURVEYING tcap 8vo. Cloth.............. I 50 Studies in Design. Being folio plates 
We ‘ant heae ro, Ill Drawing for Machinists and En- in colors aud gold, with letter- 
mais i ata Instrument Makers. gineers. Comprising a Complete press, descriptive and explanatory 

Steel & McMahon, Course of Drawing adapted to by Prof. Dresser. This impor- 

86 LaSalle Street, Chicago, Tl. ' the requirements of Millwrights tant work is issued in twenty parts 
ED 128 & 130 Clark St., Chicago. and Engineers; also a Course of at $1.25, each containing three 
Gas and Water Works. Practical Instruction in the Col- colored plates. Subscription reg- 

oring of Mechanical Drawings, istered at once, and specimen 
T.B i g g pe 
eeabiaee cnet 0 &c. With 200 Engravings and parts sent on receipt of price. 
ee ee Working Drawings, including 40 Field B 
Roofs. Cornices, &c full-page and 6 treble page plates. te ooks. 
9 ’ . CM uae haut snawsas owe sue 2 00 
———- ; . 7 SHUNK. 
J. W. Atkinson, Drawing for per cnmemer With A Practical Treatise on Railway 
313 to 321 Clinton street, Chicago. Elementary Lessons in Freehand ; waste 3 
es : ae “ Curves, and Location, for the 
; ee and Object Drawing, and a Con- os 
\ A. Knisely & Co., cise History of Masonry. Con- Young Engineers. By W. F. 


7a and 74 W. Monroe street, Chicago. EE A ry Perey iy 2 00 
single pages of illustrations, adap- 1 a Ficieees 

ted for Drawing Copies. Ctoth.1 50 Circular Cortes, ra Railroads. 
Model Drawing. Containing the By J.C. Trautwine, C.E. 6th 


Elementary Principles of Drawing edition, revised and enlarged. 
from Solid Forms, the Method of 12mo. morocco, tucks. Phila- 


tains six double and twenty-five 





Mason Work. 
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Hyde Park, IL. ne gn meni oe Gelphiia: OSG 604 seve fis 2 00 
ets S Tawing jects in can rc A New Method of Calculat 
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D. H. Call, Gothic Stonework. Containing the Aid of Diagrams. By J. M. 
47 North Ashland avenue, Chicago. TRANSITS : History and Principles of church Trautwine. 3d edition, revis- 
T. E. Courtne eae Architecture, and illustrations of ed and enlarged. Philadelphia, 
eee bys ae ‘ hae the Characteristic Features of ROG s 6 6 ss cd shiny chase vacates 2 00 
— TRANSIT COMPASSES, each Period, the Arrangements of The Civil Engineer’s Pocket Book 
Cox Srothers, Ecclesiastical Edifices, &c. With By J. C. Trautwine. 12mo. 
1639 Prairie Avenue, Chicago. LEVELS, seven double and eighteen single “? pages, tuck. Philadelphia, 
~ Dameier & Elder 217 — so page plates. Cloth...........- I 50 Re ee See 5 00 
Room 11, 006 sth avenue, Chicago. LEVELING’ RODE, Drawing for Bricklayers. vu the ee ae 
— CHAINS, Elements of Freehand, Object ocket Book of Useful Formulae 
164 ne oe a and Plan Drawing. Containing and Memoranda forCivil and 
peel : — Steel and Metallic Tapes &c, two double and thirty-two single Mechanical Engineers. By G. 
Niegelsen and Shields ’ of illustrations, adapted for L. Molesworth, 1 vol., 32mo. 


Room 51, Major Block , Chicago. Price lists sent on application. Architectural Drawing. Cloth..1 50 oblong, morocco, gilt......... 2 00 
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